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Much of our interaction with the world is overtly influenced by science or the products of 
science. The forward progress of science can seem overwhelming and relentless, leading many to 
adopt a fatalistic attitude to scientific progress: you’re either with science or you’re against it. This 
polarisation of attitudes is unhelpful and obscures the fact that science is a human endeavour and 
thus has human aims and values. What these values are is rarely explored by lay citizens, 
communicators or even scientists themselves. In a society where science plays a dominant role, the 
practitioners of science have an obligation to acknowledge the human aims and values inherent in 
their practice. This thesis asks: are scientists being educated to think critically about the human aims 
and values in science during their undergraduate education? 
In order to provide a framework for thinking critically about these human aspects of science, the 
thesis draws heavily on Susanna Priest’s Critical Science Literacy (CSL). The research investigates 
whether there is compulsory CSL content present at top science universities by looking at whether it 
is possible for a student to fulfil the requirements for a major and not encounter CSL. Publicly 
available descriptions of paper content were collected and then analysed for Critical Science Literacy 
content in three areas: sociology of science, philosophy of science and publicity of science. 
It was found that the majority of majors at these universities did not contain compulsory CSL 
content. Studying a science at a top university does not guarantee training for thinking critically 
about science.  
Variation was found across disciplines and across universities with regards to the amount of 
compulsory CSL. It was also found that majors that had more strictly prescribed requirements had 
more compulsory CSL on average. 
This thesis renews the arguments for the critical education of future scientists. We found that 
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Chapter 1 Introduction 
 
 
It is an accepted scientific fact that nitrogen gas molecules in the air are composed of two 
nitrogen atoms joined together with a strong trivalent bond. Scientific facts—like nitrogen gas 
itself—are relatively inert. As humans however, we can use inert objects to achieve outcomes we 
value. In the 1880s for example, when post-Crimean Europe was threatened with food shortages, 
Fritz Haber resolved to use ground-breaking science to feed his beloved homeland of Germany.  
He knew that the problem was a lack of nitrogen in the soil; without nitrogen, the soil was infertile. 
Fritz Haber, a devoted and ambitious scientist, invented a process to capture nitrogen from air and 
use it to fertilise the soil. This process has allowed Earth to support a population of billions; by some 
estimates, half of the nitrogen in our bodies today is a result of the ‘Haber Process’ (Smil, 2004). This 
life-giving process earned Haber, a German Jew, the respect of the German Elite. Encouraged, he 
continued to perfect chemical processes that derived from his original work. In 1915, Haber’s 
patriotism and enthusiasm were on display when he was allowed to test his newest invention in the 
trenches of Belgium: chlorine gas. When thousands of men died that day, Haber appeared 
unremorseful. On his return home, Clara Immerwahr, his pacifist wife who was troubled by his 
association with chemical weapons, committed suicide. It is speculated that her motivation was 
related to his involvement in the attacks (Cornwell, 2004). Seemingly unfazed by the loss of his wife, 
and uncritical about the impact of his science, the next day he travelled to the Eastern Front to begin 
gas tests on the Russian army. Haber’s discoveries eventually led to the development of explosives 
and gases that killed millions. 
It is as close to fact as one can get that Fritz Haber was ‘good at science’. It is less obvious that he 
was a ‘good scientist’. With the benefit of hindsight it is easy to see the many forces at play in the 
life of a person like Fritz Haber: psychology, loyalty, incentives, personality, economics, history, 
ideology and so on. But how do we prepare both budding scientists and the broader public to be 
scientifically literate, not only about ‘facts’ such as the structure of nitrogen gas, but about  the 
social, ethical, economic and other aspects of science? How do we foster critical science literacy? 
Science is ultimately carried out by humans, so it must be critiqued from a humanistic perspective in 
addition to any methodological critiques already inherent in science. An uncritical pursuit of 
scientific discovery—as in Fritz Haber’s case—should not be a template for scientists, for students or 
for people generally. We can never predict the exact outcomes of our scientific development, 
though we can choose how to develop our scientists. 
 
1.1 Research Rationale 
It is claimed that we live in a society dominated more and more by science, with almost all public 
policy issues having scientific or technological implications (Royal Society (Great Britain) & Bodmer, 
1985). In such a society, training good scientists is of paramount importance. In a society that lauds 
science and its technological outputs, the scientists themselves become the vanguard for society’s 
‘front lines’ of development. As our heroes, we need these scientists to be critical of their science 
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from a human context so that we may have citizens who are also critical. How can we start to 
recognise and treat science as Collins and Pinch’s (1993) golem, a ‘creature of our art and craft’ who 
is a an obedient, powerful, but bumbling giant. 
The elegant golem metaphor acknowledges science as a powerful but brainless tool: it emphasises 
that humans are the masters of science and thus to understand science we need to understand 
humans (H. M. Collins & Pinch, 1993). Wynne’s May the Sheep Safely Graze? (1996) likewise stresses 
that human values and localised knowledge should be the inspiration for the direction of a society 
whose culture is science, rather than a tokenistic consultant or an alternative to “modernity’s 
ahuman and alienating universals”. 
While authors such as Collins and Wynne remind us to appreciate that humans are at the centre of 
scientific activities, we are simultaneously warned to be wary of accounting for subjective human 
values too much lest we fall victim to extreme relativism or science scepticism (H. Collins, 2009).  
There is a danger of polarisation between extreme scientism and science scepticism. In 1959, C.P. 
Snow identified a growing rift between ‘The Two Cultures’ in academia: 
“The non-scientists have a rooted tradition that the scientists are shallowly optimistic, 
unaware of man’s condition. On the other hand, the scientists believe that the literary 
intellectuals are totally lacking in foresight, peculiarly unconcerned with their brother 
men, in a deep sense anti-intellectual, anxious to restrict both art and thought to the 
existential moment. And so on.” (Snow, 1959, p. 5) 
Snow goes on to say that “this polarisation is sheer loss to us all” (Snow, 1959). So how might we 
mitigate the polarising ‘culture wars’ of science? In Consilience, E. O. Wilson suggests that we must 
“view the boundary between the scientific and the literary cultures not as a territorial line but as a 
broad and mostly unexplained terrain awaiting cooperative entry from both sides.” (Wilson, 1998, p. 
126).  
But what might this cooperation look like? What does one need in order to be a balanced, critical 
scientist or citizen who is neither blindly devoted to science nor staunchly opposed to it? 
One burgeoning formulation of science literacy with a critical, humanistic focus is Susanna Priest’s 
Critical Science Literacy (2013). We found Priest’s Critical Science Literacy (CSL) to be an attractive 
suggestion for a number of reasons: 
• It emphasises the sociological elements of the scientific process (sociology of science) 
• It advocates a deeper epistemological understanding of science (philosophy of science) 
• It acknowledges the interaction between media, science and the public (publicity of science) 
• It bundles and organises these ‘critical’ concepts in a convenient way 
While Priest suggested critical science literacy as a way to foster and promote deeper and more 
contextual understanding of science by lay people and journalists, surely a necessary step is to 
ensure scientists at society’s ‘front lines’ are also critically literate in science. 
Where do scientists receive their training and where might exposure to critical science literacy 
occur? People can become scientists by any number of routes, but the most common and accepted 
route is to acquire a formal education at a university. Governments, educators and scientific bodies 
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have a long history of prescribing the exact type of science education that students (and sometimes 
the public, outside of the formal education system) should receive. Often the high-level goals of 
science education make reference to ‘science literacy’ specifically (American Association for the 
Advancement of Science [AAAS], 1989; DeBoer, 2000). The progression of the term and concepts 
surrounding ‘science literacy’ are explored in detail in sections 2.3–2.5.  
The human elements in science have largely been absent in the presentation of science: for 
example, History and Philosophy of Science (HPS) content is supported by science educators but has 
no important role in official science curricula (Höttecke & Silva, 2010).  Knowledge of science has 
instead historically had a large focus on ‘textbook knowledge’ (i.e., ‘lists of facts’) (Priest, 2013). 
Today however, prominent reports on the goals of Science and Society emphasise the public’s desire 
for more discussion and contemplation of the ethical and social consequences of science 
(Department for Innovation, Universities and Skills [DIUS], 2008; European Commission, 2007) 
We believe Priest’s CSL can be used as a basis for science education as well as being a basis for what 
citizens and journalists should know about science. CSL codifies and aligns with current thought in 
the Science and Society discourse. CSL covers what is necessary for critical thinking in science and, 
ultimately, for being a participant in a ‘scientific society’. We foresee the CSL concept evolving and 
becoming more concrete. We hope that governmental and educational reports will in future reflect 
the insights in the CSL framework and that science educators will ultimately focus more on CSL 
topics in both formal and informal science learning situations. Given this hope, we sought to assess 
the level of CSL topics present in the science education system today. Fundamentally, we wanted to 
know: are science students being taught to be critically literate in science? 
 
1.2 A Focus on Top Universities 
Universities were chosen to research as they were considered the primary formal training ground of 
scientists. Top universities, as per ranking tables, were chosen because we would expect these 
universities to have exemplary teaching. Many top scientists (who, in part, shape the relationship 
between science and society) are produced by these top universities. We see an interactive 
relationship between the content of a university science education and the conduct of scientists. 
In our research, we looked at the descriptions of papers at top universities (see Appendix A for a full 
list of papers and majors assessed in this study). These descriptions serve at least two functions: to 
summarise the content of papers and to communicate to students the important or attractive 
content. We looked at the presence of CSL content per major by examining the descriptions of 
papers that meet the requirements for passing each major. 
 
1.3 Hypotheses 
Firstly, we wanted to establish the simplest metric of CSL presence: is it there? To answer whether 
or not CSL is present in a major, we needed to take into account the huge number of possible paper 
choices a student has for completing their chosen major focus. We developed a research 
methodology that systematically examined the potential ‘routes’ (i.e., sets of papers) that a student 
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could take through a major. This systematic approach was necessary in order to comment on the 
necessity of a student encountering CSL content. We posed the following hypothesis: 
• Hypothesis 1: A student at a top science university will encounter a Critical Science Literacy 
topic as part of a STEM degree. 
 
 
Each university contained STEM majors from a variety of disciplines, as outlined in Siebens & Ryan 
(2012). Thus, the presence of CSL content could be analysed both in terms of the university from 
which the major comes, and in terms of the discipline to which the major belongs. We were 
interested in an analysis from both the university and discipline perspective for establishing the 
current state of CSL in universities. We posed the following hypotheses: 
• Hypothesis 1.1: A student is as likely to encounter CSL across all Universities. 
• Hypothesis 1.2: A student is as likely to encounter CSL across all disciplines within STEM. 
 
The research also examined the nature of the CSL content that was present. Extrapolating from 
Priest (2013), we divided CSL content into three distinct elements: sociology of science, philosophy 
of science and publicity of science. ‘Publicity of science’ is a neologism coined to describe CSL 
content related to the media, science communication and other miscellaneous public-related 
aspects of science. Using these three categories of CSL, we investigated the following hypothesis: 
• Hypothesis 1.3: Among majors in which some Critical Science Literacy is encountered the 
majority will contain all three Critical Science Literacy topics. 
 
With regards to coding the presence of CSL content, we recognised that the language used in the 
paper descriptions indicated of the presence of CSL content to different degrees. Some language 
was strongly indicative of CSL content, whereas some language only roughly hinted at ‘sociology’, 
‘philosophy’ or ‘publicity’ concepts without necessarily indicating that the content was specifically 
about science itself. This difference between ‘strong’ and ‘weak’ indications of CSL led to the 
following hypothesis: 
• Hypothesis 1.4: There is a correlation between weak indications of CSL content in a major 
and strong indications of CSL content in the same major. 
 
In order to complete a major, there are papers that must necessarily be taken and passed 
(‘necessary papers’), and then there are ‘chosen papers’ which give the student discretion over their 
paper choices with specific and detailed restrictions. These restrictions might ask the student to 
choose one or more papers (or a set number of ‘points’) from a pool of papers. Thus there is a much 
greater potential diversity of paper choices the more the option of ‘chosen papers’ is available to 
students. Answering the question of whether a student must encounter CSL content in a major 
(especially given this complexity presented by ‘chosen papers’) required the systematic methods 
outlined in section 3. In addition to the broad question of whether or not CSL is present (hypothesis 
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1), we were interested in whether having a larger number of necessary papers influenced necessary 
exposure to CSL content: 
• Hypothesis 2: Having more necessary papers within a major correlates with encountering 
Critical Science Literacy topics. 
 
We hoped that by investigating these hypotheses, we could shed some light on the critical nature of 
science education at universities. University science education has an impact on how we develop our 
scientists and on how science and society interact. We maintain that our scientists should be critical 
about their own discipline because—as the story of Fritz Haber shows— the facts of science may be 
inert but human beings are not. To approach science critically requires a framework that critically 
takes human forces into account. Our research is a preliminary investigation into critical science 




















Chapter 2 Background to Critical Science Literacy 
 
 
2.1 Why Science Literacy Matters 
There is a general consensus that science and technology play an integral (and increasing) part 
of our daily economic, social, and political decision-making lives (American Association for the 
Advancement of Science [AAAS], 1989; Bodmer, 2010; Department for Innovation, Universities and 
Skills [DIUS], 2008; Paul DeHart Hurd, 2000; Ministry of Business, Innovation and Employment 
[MBIE] & Ministry of Education [MoE], 2014; Quinn, Schweingruber, & Keller, 2012; Royal Society 
(Great Britain) & Bodmer, 1985). Major human challenges such as water and food shortages, energy 
production, biotechnology and so on require people to fill an ‘enlightened role’ in order to 
understand the implications of debates among experts (OECD, 2013). 
Owing to this ubiquity of science and technology in many human challenges, and a pervasive belief 
in the value of a public understanding of science (more recently, as highlighted by a European 
Commission report, a ‘public engagement with science’ or a ‘science and society’ approach), many 
national and international reports now emphasise the necessity of increasing science literacy in 
society (AAAS, 1989; MBIE & MoE, 2014). It is often thought that a vital mechanism for achieving 
more widespread science literacy is through formal education (AAAS, 1989; MBIE & MoE, 2014; 
Quinn et al., 2012). Since science literacy is a stated aim of both formal education systems and of 
society-at-large, how we view and define science literacy does indeed matter. Note that for the 
purpose of this thesis, 'science literacy' and 'scientific literacy' are considered to be interchangeable. 
 
2.2 Related Concepts 
2.2.1. Science Communication, PUS, PES, and Science and Society, 
Science communication has overlap with a number of similar concepts such as public understanding 
of science (PUS), public engagement with science (PES), and Science and Society (Burns, O’Connor, & 
Stocklmayer, 2003). In this thesis I have used 'science communication' as a broad term in line with 
the definition from The Office of Science and Technology and the Wellcome Trust (2000). They state 
that 'science communication' describes communication between any or all of: 
• groups within the scientific community including those in academia and industry; 
• the scientific community and the media, public, government (or others in positions of power 
and/or authority), influencers of policy; 
• industry and the public; 
• public and the media; 
• government and the public (Burns et al., 2003). 
 
This definition is extremely broad and it should be noted that ‘science communication’ is also used in 
the literature and colloquially to mean a number of concepts ranging in fidelity. For example, Horst 
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& Michael (2011) use the term in a more finite way: they argue that in order to achieve a better 
grasp of what happens in science communication engagement, science communication should be 
perceived as an event—a mix of elements and perceptions of a particular moment that give rise to a 
‘science communication’ entity. 
 
The term ‘public understanding of science’ (PUS) became particularly popular after the House of 
Lords ‘Bodmer’ report (1985). Millar (1996) proposed three types of understanding of science: 
• Understanding of science content, or substantive scientific knowledge (known as content) 
• Understanding of the methods of enquiry (so-called process) 
• Understanding of science as a social enterprise (Awareness of the impact of science on 
individuals and society; an extensive dimension summarised by the label of social factors). 
 
‘Public engagement with science’ (PES) (or PEST, ‘public engagement with science and technology’) 
arose later than PUS and has come to mean ‘engagement’ in the sense of “mutual learning” by 
publics, scientists, and sometimes policy makers (Center for Advancement of Informal Science 
Education [CAISE], 2009). This shift from PUS to PES reflects a move away from one-way 
transmission of knowledge from ‘experts’ to publics which characterised the deficit model (CAISE, 
2009). Public engagement in science has obvious ties to education, but PES has also influenced the 
recent enthusiasm for RRI (responsible research and innovation) (Stilgoe, Lock, & Wilsdon, 2014). 
 
Alongside PES, the term ‘Science and Society’ has also developed. The House of Lords (2000) began 
to use the term ‘Science and Society’ in place of PUS in order to show commitment to the contextual 
model as opposed to the deficit model of science communication (see section 2.2.2 below) (Burns et 
al., 2003). 
In line with the House of Lords report of the same name, 'Science and Society' has come to mean a 
'new PUS' that doesn't bemoan the level of public ignorance and the poor quality of the media; 
'Science and Society' calls instead for dialogue, discussion, and debate (S. Miller, 2001). Following on 
from this report, the 2010 House of Lords Report started from the premise that there is a 'crisis of 
trust' between scientists and the public that must be addressed (Bodmer, 2010). As a term, 'Science 
and Society' may even be seen as a direct criticism of the 1985 report which appeared to support a 
lingering ‘deficit model’-type approach to science policy and recommendations (Bodmer, 2010). 
Another UK report, A Vision for Science and Society (2008), uses 'Science and Society' to mean a 
broad concept assimilating science communication, PUS, and PES. For example, the report uses the 
phrases 'science and society landscape', 'science and society activity', and 'science and society 




2.2.2. Science communication models 
Within science communication (i.e., public communication related to science and technology), there 
are various models that attempt to describe or prescribe the relationship between experts, the 
public, and any auxiliary facilitators of scientific knowledge. Three key models are: 
• the Deficit Model 
• the Contextual Model 
• the ‘Lay Expertise Model’ (Lewenstein (2003) 
• the Public Participation Model 
Note that 'approach' is often used in place of ‘model’ in the literature. 
 
2.2.2.1 The Deficit Model 
The Deficit Model describes presenting scientific ideas to the public—a one-way dissemination of 
information to a lay public in order to fill a knowledge ‘gap’ between scientists and the public (this 
one-way direction arises perhaps from the fact that the scientific community often initiates 
discussions on the public understanding of science) (Burns et al., 2003; Lewenstein, 2003). By many 
conceptions of ‘scientific literacy’, there is the presumption that there exists a ‘deficit’ to be filled 
and that it is beneficial to fill that gap (Lewenstein, 2003). Many projects within education and 
general science policy attempt to address this deficit (e.g., a deficit of science literacy). The deficit 
model has in the past been the de facto model of science communication (and thus formal science 
education) to which other models have developed in response: the contextual model, the lay 
expertise model, and the public participation model. In 1999, at the (then) British Association for the 
Advancement of Science, the “demise of the deficit model” was proclaimed (S. Miller, 2001). 
 
There are several issues with the deficit model that have led people to conclude that it should (or 
naturally will) undergo a 'demise'. In the deficit model there is a lack of context regarding the facts 
and theories the public (and/or students) are expected to learn. Most pragmatically, context around 
the facts simply does improve learning and enable understanding of complex information 
(Lewenstein, 2003). The deficit model is also politically and socially dubious: there is an implied 
asymmetrical (and thus undemocratic) power relationship inherent in the deficit model (between 
those who are proclaimed experts and those who are not) (Lewenstein, 2003). The deficit model 
does not have scope for unpacking the assumption that science has special epistemic status (that 
there is “something special about science and its methods” (Chalmers, 1999, p. ix) over and above 
other types of knowledge or testimony. Most damning for the deficit model is the fact that by most 
accounts it does not seem to have been successful despite its ubiquity: the perceived gap has not 
been reduced (Lewenstein, 2003). 
 
2.2.2.2 The Contextual Model 
As the name implies, The Contextual Model acknowledges that individuals interact with information 
embedded in particular contexts (social, psychological, personal, social, economic, and so on) 
(Lewenstein, 2003). The model was developed through studies by Wynne, Irwin, Latour, Collins, 
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Pinch, Jenkins, Layton, Yearley, McGill, and Davey (Burns et al., 2003; Jenkins, 1994; S. Miller, 2001). 
The trust in testimony of one authority over another based on different levels of perceived 
trustworthiness has a large effect on the perception of the messages regardless of their scientific 
conscientiousness. The Contextual Model emphasises the influence that these contexts will have on 
an individual’s response to scientific information and guide the delivery of messages to increase 
relevance to particular audiences (Lewenstein, 2003). Note however, the UK view of The Contextual 
Model is extended: it promotes more dialogue and equal participation by publics and ‘experts’ than 
the above definition would suggest (S. Miller, 2001). 
Like the deficit model, the Contextual Model still simply identifies the science-lay public's ‘problem’ 
as a lack in knowledge or understanding, but does not provide cues for how to proceed: there is no 
next step beyond an understanding of science (Lewenstein, 2003). Critics of the Contextual Model 
say the same problem is still addressed but now by more sophisticated or savvy framing techniques 
such as those advocated by Nisbet and Mooney in Science (2007) (Lewenstein, 2003; Priest, 2013). In 
general, both the contextual and deficit models emphasise the interests of the scientific community 
to some extent and thus reinforce their elite status (Lewenstein, 2003). 
 
2.2.2.3. An extended Contextual Model and the Lay Expertise Model 
Some scholars such as Gross (1994), Miller (2001), and Burns (2003) understand the term 
'Contextual Model' to include the generation of new public knowledge via a dialogue between 
scientists (who may have the scientific facts readily available) and the public (who have an interest in 
the problems to be solved and local knowledge about those problems) (S. Miller, 2001). This is the 
aforementioned ‘extended’ UK view of the Contextual Model. Under this extended Contextual 
Model, the formation of knowledge is a collaborative, symmetrical process. Rather than labelling 
groups or individuals as having more or less scientific literacy, some contextual models identify 
different attitudes to science. It should be noted that unlike Gross, Miller, and Burns, Lewenstein 
(2003) treats the above aspects of a Contextual Model as a separate ‘Lay Expertise Model’. 
Lewenstein believes the Lay Expertise Model should be considered distinct from the 'Contextual 
Model' which—to Lewenstein's thinking—does not suggest symmetrical dialogue in the way the 
term 'Lay Expertise' does. The Lay Expertise Model forwarded by Lewenstein strongly emphasises 
the equal importance of local knowledge (including indigenous knowledge) in solving problems 
(Lewenstein, 2003). In other words, it acknowledges several different types of expertise and asks 
'how might we solve the problem or do research together?'  
The Lay Expertise Model (aka a subset of the ‘extended Contextual Model’) is criticised for being 
‘anti-science’, for not acknowledging the difficulty in getting and maintaining scientific knowledge, 
and for avoiding addressing the natural expertise gaps that arise from advanced specialisation 
(Lewenstein, 2003). 
 
2.2.2.4 Public Participation Models 
In a Public Participation Model, focus is placed on the actions taken by the public after proper 
dialogue and engagement, and it is acknowledged that the form that action can take is unknown. 
The 'Public Engagement Model' makes use of citizen juries, polling, and consensus conferences 
10 
 
(Lewenstein, 2003). Like the Lay Expertise Model, there is a dialogue and an equal acknowledgement 
of expertise. Also like the Lay Expertise Model, Public Participation is sometimes criticised as being 
‘anti-science’ (Lewenstein, 2003). It is also criticised for politicising an issue of public understanding 
(Lewenstein, 2003).  
We would argue that all models of science communication necessarily reflect inherent political 
viewpoints. 
 
2.2.3 Science Literacy 
Science Literacy can be thought of as being integral to all of the above models of science 
communication. The centrality of science literacy to each model depends on the scope of the 
definition (for example, whether a model is more focused on ‘science content’ or a more holistic 
appreciation of the scientific enterprise). Assuming a ‘list of facts’ or ‘textbook knowledge’-type 
definition of science literacy, the difference between the models in terms of science literacy is in the 
intended 'next step' or 'ends' occurring after science literacy. In the Deficit and (narrow) Contextual 
Models, science literacy itself is the end point. In the Lay Expertise and Public Participation Model, 
there is an overt call to action—there is an intended outcome beyond simply improving literacy in 
science. In the case of the Lay Expertise Model, the public are consulted and thus drive the direction 
of research; in the Public Participation Model, emphasis is placed on actions arising from the public. 
 
2.2.4 Formal and Informal Science Education 
In general, formal education (which includes science education) has been defined as “education that 
takes place in a planned way at recognized institutions such as schools, colleges, technikons, 
universities, etc.” (Maarschalk, 1988). Formal science education is—most broadly—the science-
related component of formal education—often this is thought as (and can take the form of) 
'textbook science’ (H. H. Bauer, 1994). ‘Formal science education’ is highly similar to (and often used 
interchangeably with) ‘formal science learning’ (Hine & Medvecky, 2015; Hofstein & Rosenfeld, 
1996). In the literature, formal science education is often defined only in contrast to the definitions 
of informal science education; formal science literacy seems to be regarded as the more entrenched, 
well-known, and obvious opposite of informal science education. In terms of content, formal science 
education contrasts with the type and tone of science that is seen in popular media (Zimmerman, 
Bisanz, Bisanz, Klein, & Klein, 2001). 
Hofstein and Rosenfeld (1996) building on Wellington (1991) constructed a useful heuristic for 
distinguishing formal science education from informal science education. Their list of common 
characteristics of formal science education include: compulsory, structured, sequenced, assessed, 
evaluated, close-ended, teacher-led, and so on (Hofstein & Rosenfeld, 1996). These characteristics 
contrast with those usually found in informal learning: voluntary, unstructured, unsequenced, non-
assessed, unevaluated, open-ended, learner-led, and so on (Hofstein & Rosenfeld, 1996). We believe 
that this distinction comes close to a formulation of a common-sense distinction but that the 
characteristics here are neither sufficient nor necessary to distinguish formal and informal. Even 
with such a heuristic, the distinction between informal and formal is not clear: many of the supposed 
characteristics of formal education are often applied to ‘informal’ settings and vice versa. Newer 
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pedagogical theories and associated technologies are often particularly resistant to categorisation in 
this way, for example 'flipped classroom', 'distance learning', and 'blended learning' would have 
many supposed elements from both the informal and formal science education characteristics in 
Hofstein and Rosenfeld (1996). Even traditional staples of school life (such as a field trip to a 
museum) mix these supposed characteristics of formal and informal education. At best, we can treat 
Hofstein and Rosenfeld's (1996) heuristic as a quick, dirty, and useful definition.  
For a similarly simple definition of ‘informal science education’, the definition from McComas (2006) 
is perfectly adequate: informal science learning (education) describes learning that occurs in 
environments outside of the school in contrast to the teacher-guided instruction within a school 
setting. 
For the purposes of this thesis, no distinction is drawn between 'informal science education' and 
'non-formal science education.' 
 
2.2.5 K-12 
K-12 describes institutional formal education from kindergarten to grade 12 (effectively 
kindergarten, elementary/primary school, and high school). This does not include early childhood 
education (ECE) or higher (tertiary) education such as universities. Regarding science literacy, some 
scholars such as Miller (1983) believe “the most effective place to start is in the elementary and 
secondary schools”. 
 
2.2.6 Higher Education 
Higher education is also known as post-secondary or tertiary education. It is most often not 
compulsory, but it is often thought of as formal education (in contrast to the Hofstein and Rosenfeld 
(1996) heuristic). This thesis defines higher education as a post-secondary education at a formal 
institution in line with the definition of formal education from Maarschalk (1988). 
 
2.3 A Brief History of Science Literacy 
The term 'science literacy' is most often used in context where there is an assumed inherent value in 
a broad public (i.e., universal, society-wide) understanding of science. The first instance of discussion 
about every “educated person” being “literate in science” appeared in the Rockefeller Brothers Fund 
Report (1958). Soon after, Hurd (1958)—and later McCurdy (1958)—introduced and popularised the 
term 'science literacy'. Like the Rockefeller Report, Hurd and McCurdy's arguments for 'science 
literacy' displayed a sense of urgency, often making reference to the U.S.'s embarrassment over 
Sputnik and other perceived threats to international superiority emphasised by the Cold War. 
However, the genesis of the term 'science literacy' is not the beginning of the belief that everyone 
should have access to some form of understanding of science. This belief in the value of some sort of 
broad public understanding of science can be traced back (at least) to Francis Bacon (circa 1620) who 
was in favour of broad dissemination of scientific understanding through mass education (Paul 
DeHart Hurd, 1998, 2000). Such a belief could be recognised as a precursor for the more 
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contemporary concepts of science literacy, formal science education, science communication and so 
on. 
 
The major shared characteristic between Bacon's view of public understanding of science and the 
more recent views pertaining to 'science literacy’ is roughly who should be literate in science—i.e., 
that science knowledge should be broad (though ‘broad’ by 17th century thinking would have likely 
still excluded women and other groups). However, the what, why, and how of public understanding 
of science differs markedly between Bacon’s time and now. From the 17th century up until today, 
there has been much variety in what about science should be understood, why science should be 
understood, and how this understanding should occur. 'What', 'why', and 'how' could be alternately 
stated as 'content/skills', 'justifications', and 'strategies'. 
 
2.3.1 The 'What', 'Why', and 'How' of Public Understanding of Science Over Time 
Bacon's justification for public understanding of science was the improvement of “man's lot” thereby 
improving “man's mind” since his lot and mind were “one and the same things” (Irving, 2012). This 
would be achieved by improving “man's estate”—through the “witness of works, rather than by 
logic” i.e., practical creation and innovation using the techniques of science could help improve the 
condition of man more than other intellectual pursuits could ever hope to (Irving, 2012; Vickers, 
1992). Bacon's 'what' is the practical skills of creation derived from science. Bacon's 'why' is to 
improve man's mind via his lot. It could be said this practical emphasis in understanding science is 
the birth of 'applied science' (Feibleman, 1961; Vickers, 1992). Bacon's 'how' is through the 
dissemination of scientific knowledge to the public. One example of how this dissemination might 
look in the 17th century is seen in Gallileo choosing to write in common Italian as opposed to Latin, 
which was the convention for scientific writing. Ostensibly, this language was chosen in order to 
convince ordinary citizens of the veracity his scientifically-derived views (Shamos, 1995 p. 29). 
 
In the 18th century, American figures such as Benjamin Franklin, John Adams, and Thomas Jefferson 
were also in favour of public understanding of science. Their justifications ('why’) were concerned 
mainly with growing and developing the fledgling U.S. nation: this justification influenced which 
science content/skills ('what’) they thought were most beneficial for society to understand (Massey, 
1989). With science knowledge, it was thought that farmers could make better crops, merchants 
could understand commodities better, craftsmen could understand new materials, and ministers 
could better understand proofs of God (Franklin, 1907, p. 397). One way to achieve these aims 
('how') was proposed in an (unsuccessful) bill from Jefferson in 1779: compulsory science instruction 
from elementary to university level (Rouček, 1959, p. 85). In all aspects of the American 18th century 
view of the public understanding of science, there is a strong belief in the practical—similar to that 
seen during Bacon's time. This highly practical tradition in American thought regarding science was 
remarked upon half a century later by the French writer Alexis de Tocqueville: “In America the purely 
practical part of science is admirably understood… But hardly anyone in the United States devotes 





Up until the late 19th century, compulsory formal science education was not a tool available for 
achieving public understanding of science. Many formal education institutions taught subjects that 
resembled modern-day science but their intentions and ability to help achieve a universal public 
understanding of science were limited since science education was not given to everyone. 
Proponents of introducing compulsory science education clashed with educators who did not see 
the value in everyone understanding science. For the traditional educators, science was crass and 
materialistic whereas compulsory education should be concerned with higher functions—to these 
people, a classical, liberal education was wholly superior (DeBoer, 2000). In order to circumvent 
these criticisms and appease critics, a change in the 'practical' rhetoric about science occurred in 
order to eventually instigate compulsory science education. Proponents of compulsory formal 
science education (such as Thomas Huxley, Herbet Spencer, and John Dewey) emphasised science’s 
intellectual merits and its ability to promote independent thought and action in the citizenry 
(DeBoer, 2000; Feinstein, 2011). This made a justification for public understanding of science more 
compatible and palatable to those in power who were often dismissive of the need for a universal 
public understanding of science. The 'why' and the 'what' of understanding science had changed to 
become more abstract and intellectual rather than practical or physical, though it could be argued 
this new justification could still be called utilitarian or 'instrumental' (science was still a means to an 
end, even if the end was now more abstract: 'promoting independent thought'). Though still a 
means to an end, this more abstract and intellectual justification for promoting public understanding 
of science is today considered a 'pure' justification (as in 'pure science' vs. 'applied science').  
Also in the late 19th century, as the intellectual merits of science were being debated, there were still 
also more practical ('applied') arguments in favour of compulsory formal science education. 
Matthew Arnold, the poet and inspector of schools in the U.K. advocated for broad science 
education, claiming the world is inherently a different, more technological place (Arnold, 1896, pp. 
78–79). He stressed that all people should know “the great results of the modern scientific study of 
nature” [italics added] but he questions whether we are “bound to give to the processes by which 
those results are reached” (Arnold, 1896, pp. 95–96). In the U.S., strong calls for the inclusion of 
science in the curriculum competed directly with liberal arts subjects. In Continental Europe, the 
response was more moderate, beginning in the early 20th century. This moderate response meant 
there was an emphasis on adding science to the curriculum instead of using it to replace the existing 
liberal arts elements (Shamos, 1995, p. 41). 
 
From the late 19th century until around 1910, training of the mind was the dominant educational 
philosophy in relation to science (Shamos, 1995, p. 40). In 1910, there began to be an emphasis on 
balancing the 'pure' and 'applied' aspects of public understanding of science, fuelled by the belief 
that a science education can train people destined for particular vocations as well as training the 
mind (i.e., in a privileged way unique from other disciplines) (Shamos, 1995). In 1910, the Committee 
on the Function of Science (The Committee of Ten) saw no reason to distinguish between education 
at high school of students who were preparing for college and those who were not (Shamos, 1995). 
This did little to clarify the goals of science education other than to reinforce the ubiquity of science 
in education and its perceived importance in its current state (Shamos, 1995). In 1932, The National 
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Society for the Study of Education in A Program for Teaching Science reviewed the goals of science 
education and addressed the pure vs. applied arguments for science education and sought to strike 
“the right balance between a broad intellectual understanding of the natural world and the scientific 
way of thinking on the one hand, and the utility of science for effective living on the other.” (DeBoer, 
2000). Despite calls for a pure-applied balance, the post-war era pushed science education rationale 
back toward the utilitarian and vocational aspects of science in a drive to re-industrialise and (in the 
case of the US) to compensate for the embarrassment caused by the perceived technological 
superiority of Sputnik. 
In 1939, J.D Bernal thought that the implementation of science teaching in universities was a farce 
and was sceptical that the sort of science taught in universities was sufficient for a liberal education 
in practice: “…science is so departmentalized and divorced from any other aspect of culture that this 
conception has been entirely subordinated to that of technical training.” (Bernal, 1939, p. 72).    
 
Upon conception in 1958, the term, 'science literacy' was thought of as meaning a broad public 
understanding of science but—in hindsight—this view of science literacy can now be seen as being 
reflective of a particular time and geopolitical era. In other words, looking back at the literature it is 
apparent that 'science literacy' meant a very specific thing within all the possible interpretations of a 
public understanding of science. In the 1950s, ‘science literacy’ meant a focus on the utilitarian 
aspects of science. Since then, the term has been used by other individuals and groups to mean 
various other combinations of justifications, content/skills, and associated strategies that could 
comprise a public understanding of science. 
 
Post-1950s definitions of science literacy have been extensive and varied, though the concept is 
evoked regularly as a societal goal and almost always with reference to formal science education 
(DeBoer, 2000). Hurd (2000) believes that almost all reports on scientific literacy since the 1950s 
indicate a policy on science teaching. Science literacy discussions occur often within the realm of 
formal education, but an implied aim of informal science teaching is also science literacy 
(Maarschalk, 1988).  
For Bauer, Allum, & Miller (2007), it is important to realise that ‘scientific literacy’ has always 
referred to two types of literacy. The first is a ‘basic literacy’ analogous to reading, writing, and 
numeracy—in other words: “the cultural stock of knowledge with which everybody ought to be 
familiar”. The second type is ‘political literacy’ where people's democratic agency is acknowledged 
along with the idea that political voices can only be effective if “people command knowledge of the 
political process and its institution”. (M. W. Bauer et al., 2007). 
 
2.4 The Current View of Science Literacy 
Contemporary attempts to report on—or suggest goals for—'science literacy' are generally reflective 
of a much more mature view of science within society. In many reports, the term 'science literacy' is 
entirely omitted or greatly reduced. This may reflect the strong relationship and overlap between 
‘science literacy’ and the ‘deficit model’—from which many governments and organisations have 
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distanced themselves. Instead of being a question of updating 'science literacy' in order to 
incorporate more methodological, communicative, sociological, philosophical learning outcomes (i.e. 
not simply 'list of facts'-type definitions) many governments and organisations seem to have taken 
the approach of starting afresh—minimising references to the loaded term. 
 
However, despite a general decline in the use of the term ‘science literacy’, the OECD’s Draft PISA 
(Program for International Student Assessment) 2015 Science Framework (2013) takes care to define 
science literacy in detail. Sadler & Zeidler (2009) note that the concept of science literacy is used as a 
conceptual underpinning for the PISA project generally. The 2015 PISA framework states that it 
builds on previous PISA frameworks which view science literacy as “the central construct for science 
assessment” and that the definition of science literacy represents “a broad consensus among science 
educators”. It outlines three parts of science literacy: explain phenomena scientifically, evaluate and 
design scientific enquiry, interpret data and evidence scientifically (OECD, 2013). 
In contrast, the European Commission’s report on Science Education for Responsible Citizenship 
(2014) has only a few brief mentions of 'science literacy'. The report emphasises the importance of 
involving the talents of as many people as possible in an increasingly science-related society. The 
report emphasises that social, economic, and ethical elements should be included in science 
teaching: “Science educators, at all levels, have a responsibility to embed social, economic and 
ethical principles into their teaching and learning in order to prepare students for active citizenship 
and employability.” (European Commission, 2014, p. 10) 
 
There is a similar de-emphasis of ‘science literacy’ as a term in the European Commission’s earlier 
report on Public Engagement With Science (2007). The report doesn't define 'science literacy' 
explicitly, but does claim that a progressive view of Science and Society considers science literacy 
only part of the solution. It criticises that: “there remains a considerable body of opinion interested 
only in improving levels of scientific literacy and interest in the public.” [italics added] (European 
Commission, 2007, p. 45). By this assertion, it can be assumed that 'scientific literacy' here is roughly 
equivalent to older definitions—dealing only with 'lists of facts' (and perhaps basic methodology) 
while the overall aims of ‘Science and Society’ extend beyond this view. Similarly, in A Vision for 
Science and Society by the UK’s (then) Department for Innovation, Universities & Skills, it is 
emphasised that scientific literacy is necessary but not sufficient for 'engagement' or the betterment 
of society: 
“...without improved scientific literacy, including an understanding of scientific evidence 
and risk, [citizens] will be unable to make informed decisions for themselves, their 
families, and as part of the democratic process…” (Department for Innovation, 
Universities and Skills [DIUS], 2008, p. 7) [However] Our ambition should be to go 
further than scientific literacy… in particular, this means the public and the media 
maintaining the same healthy scepticism that they have towards other information they 
consume, whilst understanding the nature of science better and questioning what the 
real implications of the evidence should be.” (Department for Innovation, Universities 




The U.K.’s A Vision for Science and Society is similar to the European Commission report in at least 
two key ways: the ‘Science and Society’-type aims are holistic and lofty, and 'science literacy' itself 
conforms to a more classic definition (which falls short of accounting for the larger Science and 
Society aims). Another UK report, The Featherstone et al (2009) report: Public engagement map: 
Report to the Science for All Expert Group doesn't mention 'science literacy' at all, only 
‘engagement’. 
 
In Australia, The Prime Minister's Science, Engineering and Innovation Council (PMSEIC) working 
group published Science Engagement and Education (2003) which was a precursor to the Inspiring 
Australia report (2009). The Inspiring Australia report concluded that science-literate people are 
people who “…can think clearly, assess information accurately, solve problems and make decisions 
based on factual evidence. Science literacy also embodies a general understanding of science and its 
role in society.” (2003, p. 3) 
This definition seems to have a more encompassing view of 'science literacy'; this goes beyond a 
classic 'list of facts' definition to include a more contextual view of science within society. It can be 
assumed that New Zealand's equivalent report, A Nation of Curious Minds, also considers 'science 
literacy' as broader than a ‘list of facts’. The report doesn't explicitly define the term but does 
juxtapose “science literacy” and “engagement and achievement” without drawing any particular 
distinction: “Science literacy is fundamentally important to the future of young New Zealanders… 
Lifting engagement and achievement in science education is absolutely vital.” (Ministry of Business, 
Innovation and Employment [MBIE] & Ministry of Education [MoE], 2014, p. 5) 
 
The National Research Council (NRC)’s Framework for K-12 Science Education (2012) (which 
influenced the latest U.S. Next Generation Science Standards by the NGSS Lead States (2013)) follows 
a similar line of thought, but fleshes out a more explicit definition of 'science literacy': “Even for 
individuals who do not become scientists or engineers, the ability to ask well defined questions is an 
important component of science literacy, helping to make them critical consumers of scientific 
knowledge.” (Quinn et al., 2012, p. 54) 
In other words, it can be assumed that science literacy here includes 'list of facts'-type content but 
also includes asking “well defined questions”. The Framework for K-12 Science Education (2012) goes 
on to state that this definitional emphasis on both knowledge and practice is nothing new—the 
previous science education standards (National Science Education Standards (National Committee 
on Science Education Standards and Assessment & National Research Council, 1996) which based its 
definitions on the American Association for the Advancement of Science’s (AAAS) Benchmarks for 
Science Literacy (1993) also defined science literacy in a similar way.  
 
In general, at least in terms of education policy, 'science literacy' in the US seems to adhere to a 
more traditional ‘list of facts’ definition and there is little reference to more holistic Science and 
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Society goals. The most recent Pew reports on science and society omit 'science literacy' all together 
(Funk & Goo, 2015; Funk & Rainie, 2015). The Funk and Goo (2015) report regarding what the public 
‘knows about science’ contains no explicit mentions of 'science literacy', but does have concrete 
examples of what the report considers 'science' by which to measure whether people 'know' about it 
(see section 2.5). The report states its motivations for having an informed public are in line with 
what Bauer, Allum, & Miller (2007) call the 'political literacy' side of science literacy as opposed to its 
'basic literacy' aspect. The report quotes Miller’s (1998) statement: “public understanding of science 
issues and concepts is a hallmark of an informed public”. 
 
In summary, with regards to recent reports related to the public understanding and science and 
society: 
• There is a general decrease in the use of the term ‘science literacy’, particularly in European 
publications. 
• US reports continue to use the term. 
• In almost all reports, there is some acknowledgement of the need for citizens to be critically 
engaged and for science to represent the values of the wider community. 
• Depending on the authors, this acknowledgement can either stand apart from a definition of 
‘science literacy’ or be embedded within it. 
• All reports talked about both education and science understanding/engagement more 
broadly. 
 
2.5 The Current Practice: A View From Measurements 
The Funk & Goo (2015) Pew Report A Look at What the Public Knows and Does Not Know About 
Science makes conclusions about the state of particular types of knowledge in the US adult 
population. Though the report may not explicitly claim to be looking at 'science literacy' per se, the 
measurements here seem to investigate a 'list of facts'-type benchmark rather than holistic 
'engagement' or 'Science and Society' goals. 
The quiz from which the report took data asked multi-choice questions to examine if the public knew 
the following things. With the exception of “Distinguish definition of astrology from astronomy” and 
“Can interpret a scatterplot chart”, the quiz is (quite literally) a list of facts: 
• Earth's core is its hottest layer 
• Uranium is needed to make nuclear energy/weapons 
• A comet has an icy core and a tail of gas and dust 
• Ocean tides are created by the gravitational pull of the moon 
• Jonas Salk developed polio vaccines 
• Distinguish definition of astrology from astronomy 
• Radio waves are used to make/receive cell phone calls 
• A light-year is a measure of distance 
• Can interpret a scatterplot chart 
• Identify how light passes through magnifying glass 
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• Amplitude or height determines loudness in a sound wave 
• Water boils at lower temperature at high altitudes (Funk & Goo, 2015) 
 
NB: these questions are ranked by the % of U.S. adults answering the question correctly from 86% 
(Earth's core is its hottest layer) to 34% (Water boils at lower temperatures at high altitudes) (Funk & 
Goo, 2015). 
To make conclusions about what the public knows about science, this quiz is taken as representative 
of the sort of science-related knowledge worth knowing. The report concedes that the “survey 
represent[s] a small slice of science knowledge”, but goes on to look at the demographics of each 
question in detail (Funk & Goo, 2015). This emphasis on a representative sample of what-science-
looks-like and what-the-public-knows-about reveals the type of science knowledge considered 
important. The measurements here regarding 'what the public knows about science' use a list of 
facts. In fairness, perhaps the problem with this report is simply the title—what is being measured 
here is not really 'what the public knows and does not know about science', but 'with which types of 
science content is the public most familiar?' 
 
The Programme for International Student Assessment (PISA) measures education-specific 
achievement in science and other fields. PISA uses a variety of long-answer questions such as: “give 
information about the relationship between bees, pollination and birds”. An expected answer might 
be along the lines of ‘flowers cannot produce seeds without pollination’ (OECD, 2015). In the last 
completed PISA results (2014), countries are ranked in terms of their mean score performances in 
science. Countries like New Zealand (in A Nation of Curious Minds) use this data to rank their own 
achievement against OECD averages to help conclude the state of their science education (Ministry 
of Business, Innovation and Employment [MBIE] & Ministry of Education [MoE], 2014). 
International rankings and assessment such as PISA are very influential as countries often base their 
national science education policy off these international measures. The focus of these international 
reports (and the definitions they use) is thus very important. 
 
2.6 ‘Critical Science Literacy’: Emphasising the Sociological 
As stated, there is a general trend towards acknowledging the need for citizens to be critically 
engaged and for science to represent the values of the wider community. This trend is seen in 
reports such as the Science Education for Responsible Citizenship Report (2014) or in A Vision for 
Science and Society Report (2008).  
At the same time, Responsible Research and Innovation (RRI) has become increasingly important 
with regards to science policy, especially in the EU (Owen, Macnaghten, & Stilgoe, 2012). RRI 
outlines an approach on how to proceed on research and innovation that acknowledges and involves 
all stakeholders from an early stage and offers a range of options and evaluations on how to proceed 
(Jacob et al., 2013). Saille and Medvecky (2016) argue that the RRI framework can (and should) also 
allow for a Responsible Stagnation of research: the result of stakeholders having formalised 
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opportunities to critically consider how best or even whether to proceed (Stilgoe, Owen, & 
Macnaghten, 2013). 
 
However, despite general calls for science to proceed (or not) in a critical, inclusive and value-
centred way, reports that attempt to measure science literacy (or related concepts) don’t appear to 
measure this critical engagement or the social aspects of science at all. The PISA and Pew Reports 
ostensibly measure only scientific content with little appreciation of the social aspects of science. If 
we are content with a narrow ‘list of facts’ definition of science literacy then the PISA and Pew 
reports do give some indication of the state of science in society. However, given that human values 
are increasingly acknowledged in both science education and science research policy, we would 
expect that measures of science literacy would incorporate a measure of the social aspects of 
science. 
Hine & Medvecky (2015) argue that the teaching of scientific methodologies (including the 
philosophical and sociological aspects) has taken a “backseat role” owing to the “dominant forms of 
social discourse, which prioritise the communication of a historicised, chronological progression of 
scientific advancement and eliminates the idea of subjectivity.” One proactive critic of this 'backseat 
role' of the philosophical and sociological aspects of science teaching is Susanna Priest. She urges us 
to: 
“...contemplate what 'scientifically literate' people do when evaluating a novel scientific 
claim, especially one outside their own expertise. They think about the credentials of 
the researchers, where the work was presented or published and at what university it 
was done. They likely consider whether the conclusions are consistent with present 
paradigms: A scientific study that claimed to establish the existence of ghosts would be 
greeted sceptically, as would one that claimed to entirely overturn the theory of 
evolution. A scientifically literate person might even ask questions about funding 
sources and other possible biases, knowing that science is also political, as well as 
whether the methods used seem—on the surface of things—to be ‘scientific.’” (Priest, 
2013) 
 
Given the confusion and disagreement over the definition of ‘science literacy’, Susanna Priest has 
attempted to create a fresh iteration of science literacy: Critical Science Literacy (CSL) (Priest, 2013). 
Priest concurs with the emphasis placed on acknowledging the method within science, but believes 
these sociological and philosophical elements are ‘second-class citizens’. The second-class status of 
sociological and philosophical knowledge in understanding science is evidenced by the widespread 
use of measurements that still emphasise a 'list of facts' approach (such as in (Funk & Goo, 2015; 
Funk & Rainie, 2015)). Priest argues that “...constructing a meaningful list of facts, even facts in 
application, is not only difficult but less than satisfying as an indicator of what people actually 
know...” (Priest, 2013). 
In essence, Priest revisits the problem of science literacy from a more sociological perspective. In 
and of itself, a sociological analysis of scientific enterprise is nothing new, for example Kuhn’s 
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popular work, The Structure of Scientific Revolutions (1962), or Latour and Woolgar’s wry (and 
controversial) account of the day to day activities of scientists in Laboratory Life (1979). However, 
Priest’s sociologically-heavy view of science is more practical and pedagogical. She is concerned with 
“What Citizens and Journalists Need to Know to Make Sense of Science”, the title of the 2013 paper. 
She formulates and updates the question of scientific literacy: 
“What knowledge about science is of most central value to citizens in a contemporary 
democracy, in which many personal and policy decisions have some relationship to 
science or technology, and most of the facts, observations, and conclusions of science 
(and also pseudoscience) are available to us on our computer screens?” (Priest, 2013). 
 
I have interpreted Priest’s Critical Science Literacy as consisting of three parts: Philosophy of Science, 
Sociology of Science, and Publicity of Science. As Priest herself admits, knowing something about all 
these elements may seem a lot to expect of people, but she reminds us that those considered 
literate in science have somehow acquired this knowledge already: “many of the ideas involved here 
represent taken-for-granted knowledge among people who (for whatever original reason) became 
familiar with ‘how science works’” (Priest, 2013). 
In other words, Priest argues it is entirely possible for a broader Critical Literacy in science of the sort 
she advocates, and in order to achieve this it is necessary to better articulate the part of science 
literacy that is often taken for granted: “how science works”. 
Interestingly (and perhaps incidentally), New Zealand's A Nation of Curious Minds report mentions 
'increased critical science literacy' (Ministry of Business, Innovation and Employment [MBIE] & 
Ministry of Education [MoE], 2014, p. 23). 
 
2.6.1 Philosophy of Science 
Philosophy of science is defined by Curd & Cover (1998, p. xvii) as “the investigation of philosophical 
questions that arise from reflecting on science”. On what makes a question philosophical, they claim 
it is the question’s generality, fundamental nature, and resistance to empirical solution: such a 
question might be “when is a theory confirmed by its predictions?” (Curd & Cover, 1998). Philsophy 
of science tries to explain where science begins and ends, and what types of activity should count as 
science (Godfrey-Smith, 2003). Godfrey-Smith (2003) suggests that philosophical enquiry regarding 
science must approach our questions about science from three perspectives (these perspectives can 
either be considered as rivals or as entry points leading to the same problem): the value of 
empiricism, the use of mathematics by science and the social structures within scientific 
investigation. 
Brown (2012, p. xiii) stresses the intimacy of the relationship between philosophy and science when 
he claims that there is no distinction between great philosophers of science and great philosophers. 
Okasha believes that philosophers of science are needed to “uncover assumptions that are implicit 
in scientific inquiry” but believes that scientists themselves are unlikely to spend much time 
reviewing scientific practices themselves (Okasha, 2002). While we believe that philosophy of 
21 
 
science should be promoted as a separate discipline, we also believe that there it is valuable and 
necessary for scientists to have some exposure to philosophy of science concepts. 
 
In favour of philosophy of science knowledge as an end goal of science education, Ladyman (2012, p. 
18) argues that despite the vast scope of scientific knowledge and application, there are some 
universal features about science that we are able to investigate philosophically. Teaching philosophy 
of science seems a more efficient and achievable end goal of science education, especially when 
compared to the overwhelming and unattainable nature of science literacy currently i.e., teaching an 
ever-increasing 'meaningful list of facts'. 
 
Philosophy of science can be a path toward many views of science. One of the most fundamental 
(perhaps intractable) questions philosophy of science can ask is: 'What is (and what is not) 
science?'—often termed the 'demarcation problem' (Ladyman, 2012, p. 20). The succession of 
prominent writings on the demarcation problem (from writers such as Karl Popper, Thomas Kuhn, 
Imre Lakatos and so on) highlight philosophy's relationship with history—perhaps the reason much 
philosophy of science in formal settings currently operates under the 'history and philosophy of 
science' HPS label. Exposure to and consideration of a philosophy of science topic such as the 
demarcation problem is one example of how to promote critical thinking about science and its 
methodology. The demarcation problem can also be one route the philosophy of science can take 
toward appreciating the sociological elements of science as many responses to the demarcation 
problem evoke the human and subjective elements of science. Of course, whether a particular 
philosophical problem is worthy of debate is a philosophical question itself.   
 
It is argued that teaching philosophy of science promotes a citizenry who are better informed about 
“the limits and adequacy of scientific knowledge.” (Connelly, 1969) Decisions as to whether 
philosophy of science (or anything) should be taught in a formal education setting depends on the 
relative emphasis of competing ends of the curriculum (Connelly, 1969). However, given the—as 
Connelly (1969) puts it—the “revisionary character of scientific knowledge” and the contemporary 
shift in world-wide focus away from a facts-based view of scientific literacy and toward more 
knowledge about science, teaching philosophy of science seems a focused way to achieve these 
ends. 
 
There are already examples of philosophy of science teaching within formal science education 
settings that could be used as case studies for development of a Critical Science Literacy approach to 
formal science education. Curriculum writers have often turned to philosophy (and history) for 
structural guidance of the subjects they wish to present (Matthews, 2014, p. 8). In certain science 
subjects—particularly physics (often thought of as the 'hardest' and most 'fundamental' of the 
sciences)—there is a history of teaching of philosophy of science dating back to the late 19th century 
(Teixeira, Greca, & Freire Jr, 2009). This element of the curriculum usually is taught under the 
heading ‘HPS’ (History and Philosophy of Science). In the Teixeira, Greca, & Jr, (2009) analysis of HPS 
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in physics curricula, it should be noted that the success of philosophy programs is often measured in 
terms of positive effects on the learning of “physics concepts” as opposed to the philosophic 
elements being considered ends in themselves. 
The National Research Council’s Framework for K-12 Science Education (2012) identifies the ability to 
engage in argument as one of the core scientific practices: “… science is replete with arguments that 
take place both informally … and formally … Regardless of the context, both scientists and engineers 
use reasoning and argumentation to make their case.” (Quinn et al., 2012, p. 17). 
 
Priest's (2013) conception of the philosophic component within CSL isn't simply the history of 
science or stating common-sense views of the scientific method—both of which are already 
sometimes present in formal science education. Priest (2013) puts the case forward for a critical 
science literacy that “raises awareness of 'how science works'” which includes knowledge about the 
social practices, the publicity of science as well as philosophy of science. Study of the demarcation 
problem may be one example of an explicitly 'philosophy of science' element that could be 
investigated as part of CSL. 
 
2.6.2 Sociology of Science 
Priest (2013) calls for revising science literacy and its measures from a “more sociological 
perspective”. Maienschein (1998) puts it elegantly: “science literacy provides a necessary but not 
sufficient basis for making informed social decisions. Because science is a process carried out by 
humans who work in a social context, that recognition must be a central part of our science 
education”. But what does a ‘sociological’ view of science look like and why is it necessary? The 
question is pertinent considering science and scientists are often thought of as (absolutely) objective 
(Gigante, 2014; Royal Society (Great Britain) & Bodmer, 1985) but objectivity is simply not 
compatible with the realities of social existence (Ziman, 1996). Within sociology of science, science is 
viewed as a cultural process in which the social conditions, effects of science, social structures, and 
processes of scientific activity are studied (Ben-David & Sullivan, 1975). Sometimes the philosophy of 
science is used to arrive at a ‘sociological’ view of science as in the case Thomas Kuhn's Structure of 
Scientific Revolutions (1962). Khun's discourse-changing work on 'paradigms' did much to highlight 
the sociological aspects of science and spur studies and thought about the sociology of science. 
Some philosophers, for example Longino (1990) argue that even the cognitive processes involved in 
the scientific process can be considered social process and are thus necessary to study through a 
social lens. 
 
Priest (2013) argues that in order to be critically literate in science people need to know “something 
about the sociology of science” such as how collaboration works, peer review systems, academic 
settings, scientific publishing, and the conduct of scientific education. One effect of exposure to 
these sociological ideas would be an emphasis on the fact that “[The scientific enterprise] doesn't 
necessarily follow textbook idealizations” (Priest, 2013). Cunningham (1998) claims that a 
sociological understanding can inform and improve the content, structure, and pedagogy of formal 
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science education. Cunningham (1998) suggests also that the goals of the AAAS and the NRC with 
regards to making science education more “inclusive” and “authentic” can be achieved through a 
framework provided by sociology of science. Some scholars suggest this 'inclusion' and 'authenticity' 
of science education would enable students to take personal and social action (Cunningham & 
Helms, 1998). This could be interpreted as the ‘political literacy’ aspect of science literacy (M. W. 
Bauer et al., 2007). 
As a practical example of how sociology of science might look in a classroom setting, one attempt 
involved seventh-grade students instructed at the beginning of a botany unit to write down the 
answers to questions such as “What do you think science is?” and “What do you think that scientists 
do that is different from what other people, like artists, do?” with an emphasis on there being no 
single answer (Cunningham & Helms, 1998). Over the course of the unit, the students are exposed 
first-hand to the collaborative, human, and uncertain nature of the enterprise of science by 
mimicking and emphasising social processes within science (Cunningham & Helms, 1998). Another 
example of sociology of science appearing in the science classroom is through the evaluation of 
newspaper articles that have “something to do with science” but this—it is emphasised by the 
teacher—“does not mean that the content is true” (Cunningham & Helms, 1998). 
 
Sociology of science is sometimes viewed as irrelevant or pseudo-intellectual (Ziman, 1996). Some 
sociologists of science (especially figures like Bloor, Barnes, Latour, and Woolgar) have been accused 
of extreme relativism, a desire to appear radical, and of engaging in “postmodern rantings” that 
stray needlessly far from a 'positivist' notion of science (Bourdieu & Nice, 2004). In response to this it 
could be said that sociology—like most enterprises— is a broad field with a continuum of views in 
which the most radical views are not necessarily the most representative. While it is true that 
sociology of science can challenge the status and permanence of science, its explicit aim is 
descriptive: revealing the human relationships, beliefs, and values within science in an attempt to 
understand the link between the emergence of scientific statements and the scientific practice itself 
(Cunningham & Helms, 1998). In other words, sociology of science attempts to describe the human 
factors in the jump from scientific practice to scientific statements (as well as the human activity 
within and outside these processes and how this description departs from our common-sense or 
preconceived ideas about what scientists actually do). 
 
Sociology of science plays a large role in Priest's (2013) Critical Science Literacy. Having some 
awareness of the sociology of science can lead us to a prudent balance between scepticism and 
trust. This balance can be based on knowledge of the sources of funding, incentives, processes, 
motivations, social dynamics, and institutional pressures (Priest, 2013). 
 
Australia's National Science Engagement Strategy, Inspiring Australia, stresses the importance of 
conveying the social aspects of science: “Public engagement requires not only awareness of the 
technical aspects of issues such as nuclear power or smoking, but also of the societal and attitudinal 
aspects.” (Inspiring Australia, 2009, p. ix). Similarly, New Zealand's equivalent report: states that 
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“Many of today’s most complex decisions (e.g. on public health, natural resources stewardship and 
communications technology) require us all to weigh scientific evidence and our values.” (Ministry of 
Business, Innovation and Employment [MBIE] & Ministry of Education [MoE], 2014, p. 7). 
 
2.6.3 Publicity of Science 
Miller (1983) elegantly phrases the importance of publicity of science: “Given the large numbers in 
this group [the attentive public] who are dependent on ‘translators,’ [e.g., science journalists] the 
personality or philosophical perspective of the translator may become as important if not more so 
than the substance of the scientific arguments”. In other words, the role of the intermediary 
between scientists and non-scientists is the point of view of non-scientists: all information is 
processed and exists with particular context and framing. This inherent ‘translation’ aspect of 
science is an entry point for thinking about the publicity of science generally. Reporting on science 
issues can generate public awareness enough to create huge political pressure on policy: the media 
therefore has tremendous power to influence public opinion through intentional framing or its own 
inherent ideologies and biases (Harris, 1997; Nisbet & Mooney, 2007). More recently, social media 
presents the problem of devoting equal attention to poor quality and high quality science reporting: 
the difference between reputable and disreputable is less apparent when all content is presented 
side-by-side, giving the appearance of equivalency. The effect of social media on the interpretation 
of science and other news is enormous: about two-thirds of adult Americans get news from social 
media, and 44% get news from Facebook specifically (Gottfried & Shearer, 2016).  
Publicity of Science includes all of the ‘public’ elements of science. This includes reflection on science 
reporting, science in the news, science shared publicly online by non-experts, policy decisions 
related to science and so on. In Critical Science Literacy, publicity of science has an emphasis on 
human factors: who is involved in the publicity of science and what are their motivations and their 
reputation? 
 
Priest (2013) claims that since abandoning the ‘deficit model’, there have been two directions of 
progress in science communication: one relies on the framing techniques outlined by Nisbet and 
Mooney (2007), the other involves getting the public more engaged in the discussion of science as 
per Davies (2013). The ‘framing’ techniques of Nisbet and Mooney (2007) (articulated by Lewenstein 
(2003) as a (narrow) contextual model of science communication) are arguably less empowering 
than ‘engagement’-type science communication models (Priest, 2013). Since empowerment is 
considered a virtue by Priest, CSL instead advocates for giving people the tools to discern 
information that comes from media sources as per Davies (2013). Priest (2013) stresses the timely 
nature of a critical view of the publicity of science: “What knowledge about science is of most central 
value to citizens in a contemporary democracy, in which many personal and policy decisions have 
some relationship to science or technology and most of the facts, observations, and conclusions of 
science (and also pseudoscience) are available to us on our computer screens?” 
Consumers of scientific information have little chance to independently verify scientific claims 
themselves. Laboratories are expensive, as is the process of entering a career in the sciences. 
Messages the public interpret from radio, television, branding (for example on product packaging), 
25 
 
and the internet (text on screens in various formats, videos, audio, games, and combinations of 
these elements) all require different skill sets in order for one to identify what constitutes a ‘good’ 
example of the use of that medium. Similarly, different heuristic cues are present in each medium 
which signify the trustworthiness of each communication event within that medium. Journalists (in 
print media and video, for example) describe the research process in a fundamentally different way 
to how scientists do, owing to the fact that journalists use humanised accounts to connect with a 
particular (lay) audience (Bubela et al., 2009). 
 
What would a ‘Critical Science Literacy’ view of the publicity of science look like? Gigante (2014) 
refers explicitly to Priest's Critical Science Literacy in the development of a “science writing and 
communication” course. Gigante's (2014) course combines an analysis of scientific writing and 
techniques used in scientific argumentation with a hands-on adaptation of scientific information for 
non-expert public audiences through various media. 
 
With regard to CSL as a whole (sociology, philosophy, and publicity of science), is it asking too much 
of people to be ‘literate’ in this broad, critical way?  We think not: we believe that it is entirely 
possible. Given that there is a great emphasis in recent reports on recognising a CSL-like way of 
thinking about science, we think that curricula can and should be adjusted to incorporate more CSL. 
CSL seems to us like a useful framework for acknowledging the human-centred approach to science 




















This research investigated the prevalence of Critical Science Literacy (CSL) content in 
university science undergraduate curricula. We asked the question “Do undergraduate science 
majors necessarily encounter CSL content?” We answered this question by examining publicly 
available descriptions of papers in STEM majors at five leading science universities. 
We examined a total of 83 STEM majors (see Appendix A). For each major we constructed a legal set 
of papers that fulfilled the necessary requirements for a student to complete the major. This process 
was similar to the way in which a student must select their papers within their own major given the 
particular requirements of what they may legally take in order to complete their study.  
We collected a total of 1727 individual paper descriptions across 83 STEM majors (see Appendix A 
for a full list of papers and majors assessed in this study). The paper descriptions were obtained from 
publicly available online sources: a university’s undergraduate handbook or a university’s website. 
Data were generated from the descriptions of these 1727 papers. The data indicated the likelihood 
that CSL content was present in the papers based on their descriptions. Each paper contained either 
no CSL content, or contained CSL content in one or more CSL ‘categories’: sociology of science, 
philosophy of science, and publicity of science. The analysis considered the extent to which 
prospective science majors would encounter aspects of CSL while completing their degree. 
 
3.1.1 Paper descriptions as approximations of paper content 
We collected publicly available online descriptions of papers in STEM majors. Paper descriptions 
provide insight into a paper’s broad areas of focus that the coordinators wish to make known to the 
public, including to prospective students. These descriptions give an outline of the major themes and 
(often) learning objectives that are covered. 
There is a strong research precedent regarding the use of paper descriptions as reliable proxies of 
paper teaching content (Lozano, 2010; Lozano & Young, 2013; Ramirez, 2006). There are even 
examples of paper description research with specific regard to sociology and philosophy content 
(Neumann, 2010).  
 
3.1.2 Terminology 
Major: The name of the topic of focus in the bachelor’s degree for example ‘Computer Science’. 
Majors can be in two subjects e.g. ‘Computer Science and Mathematics’. At Harvard, majors are 
known as ‘concentrations’; at Caltech majors are known as ‘options’. 
Paper: ‘Paper’ refers to a topic taught within the major. Usually these are organised into semesters. 
An example is MATH 41. The word ‘paper’ is used instead of ‘course’ because ‘course’ can be used to 
refer to both papers and majors, depending on the university. 
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Paper description: The publicly available text descriptions of the content in the paper, usually one 
paragraph in length. 
B.A.: Bachelor of Arts. Also known as ‘A.B.’ at some universities. B.A. degrees were relevant to the 
research as many universities offer a B.A. degree for the completion of any major including majors in 
STEM subjects. Harvard University offered B.A., B.S., and B.E. degrees, which easily distinguished 
STEM and non-STEM majors. 
B.S.: Bachelor of Science. Also known as ‘B.Sc.’ or ‘S.B.’ at some universities. 
B.E.: Bachelor of Engineering. 
 
3.2 Data Collection 
3.2.1 Selection of Universities 
Times Higher Education (THE) University Rankings were used to select leading science universities 
for research. We chose leading universities due to their prestigious status as education leaders 
(Marginson & Wende, 2007). We would expect world education leaders to teach content that serves 
as a prototype for other higher education institutions. As such, the teaching content of these 
education leaders can be a litmus test for education trends generally.  
Universities were ordered by the THE ‘Life Sciences’ rankings and by the THE ‘Physical Sciences’ 
rankings. These two rankings were combined to give an aggregate ‘Life Sciences and Physical 
Sciences’ ranking. The top five universities in this aggregate ranking were selected for study. 
 
3.2.2 Identifying STEM Majors 
The research looked at STEM majors of leading universities (Appendix A). Majors that were 
researched were full undergraduate majors (4 years for U.S. universities, 3 years for U.K. 
Universities) in STEM subjects. Based on the knowledge available, papers and majors studied were 
available during the 2016–2017 academic year. 
Stanford University was used as a benchmark for identifying STEM majors. Stanford offered both 
humanities degrees and STEM degrees and these were explicitly demarcated by way of the bachelor 
degree given: B.A. for humanities majors and B.E. or B.S. for STEM majors. This distinction via 
bachelor’s degree helped to identify STEM majors at other universities: STEM majors counted 
toward a B.E. or a B.S. at Stanford, not a B.A. For example, Stanford’s ‘Aeronautics and Astronautics’ 
and ‘Architectural Design’ majors were identified as a STEM majors because these both counted as a 
B.S.; in contrast, the ‘Archaeology’ and ‘Anthropology’ majors at Stanford were both B.A. degrees 
and were therefore not STEM majors. The identification of STEM degrees by this method was 
congruent with the definition of STEM from the U.S. Department of Homeland Security’s 
Immigration and Customs and Enforcement Agency (Gonzalez & Kuenzi, 2012; U.S. Department of 
Homeland Security, Immigration and Customs and Enforcement, 2016). Unlike the National Science 
Foundation (NSF)’s STEM definition, the definition of STEM we used is narrower and does not 
include social sciences such as political science and economics (Gonzalez & Kuenzi, 2012). 
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Other universities did not have an obvious ‘by degree’ demarcation of their STEM majors. Harvard, 
for example, does offer both B.S. (‘S.B.’ in Harvard nomenclature) degrees and B.A. (‘A.B.’ in Harvard 
nomenclature) degrees, however identification of STEM majors based these degree types alone 
would not classify majors such as Applied Mathematics as STEM because at Harvard this major 
counts toward an A.B. degree. Asking the question “would this degree count as a B.E. or B.S. degree 
at Stanford University?” identified Applied Mathematics at Harvard as a STEM major. Using Stanford 
University as a benchmark in this way was congruent with important definitions of ‘STEM’ (Gonzalez 
& Kuenzi, 2012; U.S. Department of Homeland Security, Immigration and Customs and Enforcement, 
2016). 
Cambridge, Oxford, and Caltech universities did not offer more than one type of bachelor’s degree. 
Cambridge and Oxford offered B.A. degrees for every major regardless of whether the major was in 
a STEM subject or not. Similarly, Caltech offered only B.S. degrees for every major regardless of 
whether the major was in a STEM subject or not. For each of the majors at these universities, asking 
the question “would this degree count as a B.E. or B.S. degree at Stanford University?” identified 
STEM majors in line with important definitions of ‘STEM’. 
Majors included in the research dealt with exclusively STEM-related subjects. With regards to 
‘conjoint’ or ‘cross-disciplinary’ majors, data was collected only in cases where all named 
components of the degree were STEM subjects. For example, the Chemistry & Physics (Harvard) 
major was studied because both components of the conjoint degree (Chemistry, Physics) were STEM 
subjects. Majors with an explicit (i.e., named) humanities component, such as the Computer Science 
& French (Stanford) major, were omitted from the research. Computer Science & French, was 
omitted because the major had an explicitly named non-STEM component (French) and the degree 
was taught in large part at the university’s arts department. 
Medical majors with a research-driven focus were identified as STEM majors. For example, 
Biomedical Engineering at Harvard was included as a STEM major. Medical majors whose focus was 
clinical rather than research-driven were omitted from the data set. This disqualified a degree such 
as Medicine at Oxford University. Similarly, degrees administered exclusively by the clinical medical 
school of a university did not count as STEM majors. Clinical medicine does not usually feature in 
STEM definitions (Gonzalez & Kuenzi, 2012; U.S. Department of Homeland Security, Immigration and 
Customs and Enforcement, 2016). 
 
3.2.3 Selection of papers 
The requirements for a given major state which papers can comprise a complete major. The 
requirements for majors were obtained from official online undergraduate handbooks. Where 
handbooks were not available, the major’s official website was used. In all cases, the most recent 
version of the major’s requirements was used. When there was any disagreement in major 
requirements (for example, between the handbook and the website), the more paper-intensive of 
the two options was used. 
A list of papers that fulfilled the requirements of the major was constructed for each major. For a full 
list of papers organised by university of origin and major, see Appendix A. Using the stated 
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requirements, the research attempted to establish whether a student must necessarily encounter 
CSL content and still legally complete all the requirements of the major. 
 
Papers collected for research were of two types: necessary papers and necessary selected papers. 
These two types of papers collected for research can be seen by looking at the following 
requirements in Stanford’s Chemical Engineering major: 
1. MATH 42 Single Variable Calculus 5 units, (Aut,Wtr) Fr (or AP credit)  
2. CME 100 or Math 51 AND 52 Vector Calculus for Engineers 5 units, (Aut, Spr) Fr, So. 
Based on requirement 1 above, MATH42 is necessary paper that is required for the completion of 
the major—there is no alternative option outside of obtaining special permission. We refer to these 
types of papers as a ‘necessary papers’. Thus the descriptions of such ‘necessary papers’ were 
always collected for research. 
Based on requirement 2 above, CME 100 is not strictly necessary in the same way that MATH42 is: a 
student could instead take both MATH 51 and MATH 52 and still satisfy requirement 2. We did in 
fact collect CME 100 for research. We refer to these types of papers as ‘necessary selected’ papers. 
Necessary selected papers such as CME 100 fulfil or partly fulfil some necessary requirement, but a 
student could hypothetically substitute such a paper with some other paper or combination of 
papers. 
The necessary selected papers used in the research were often part of complex requirements. Some 
examples of these requirements were: 
“Select one of the following: EE 109, EE 133, EE 134, EE 153, EE 155, EE 168, EE 191W, or 
CS 194W” (Electrical Engineering, Stanford major) 
In this case, a description of EE134 was collected for research. 
“Select one of the following sequences: PHYSICS 41 & PHYSICS 43 or PHYSICS 61 
& PHYSICS 63” (Electrical Engineering, Stanford major) 
In this case, descriptions of PHYSICS 61 and PHYSICS 63 were collected for research. Because the 
main analysis is at the level of the degree (not the individual papers themselves), where there was 
the choice of more than one paper, papers were chosen so that the overall degree would have the 
minimum number CSL instances.  
“Two courses [papers] chosen from Bi/Ch 110, 111, 113, and/or Bi/Ch 132” (Biology, Caltech 
major) 
In this case, descriptions of Bi/Ch 110 and Bi/Ch 111 were collected for research. 
“45 units of additional bioengineering or biochemical engineering electives.” (Chemical 
Engineering, Caltech major). 
In this case, descriptions of BE 1, BE 150, BE/APh 161, BE/Bi 101, and BE/Bi/MedE 106 were collected 
for research (the unit allocation of these papers totalled 45 or more). 
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Which necessary selected paper descriptions were collected? Descriptions of necessary selected-
type papers were collected in such a way that revealed whether CSL content was necessarily 
encountered for a student that completes all legal requirements of the major. By doing this, we 
investigated only compulsory (i.e. minimum possible) CSL content. It is worth noting that a student 
could theoretically seek out more CSL content if they wished. 
The final collected set of papers for each major was vetted to ensure it did not contradict with any 
regulations required for the completion of the major. 
In cases where a paper had a variable amount of associated units (for example, a paper might state 
that it is worth between 1 and 15 units) the largest amount of possible units was assumed. 
 
In many major requirements at American universities 'AP credit equivalent' was acceptable in place 
of certain papers. In this research, AP credit was taken to be a special situation that required extra 
permissions, so was not considered part of the standard major completion requirements. If a 
requirement stated “PAPER100 or AP credit equivalent”, we treated ‘PAPER100’ as a necessary 
paper. 
 
Cambridge University had 'topics' within a year rather than papers. ‘Topics’ were collected and 
considered the equivalent to papers at other universities. 
 
3.2.3 CSL content 
Paper descriptions were used to generate data with regards to the likelihood of CSL content in that 
paper. The most recent versions of paper descriptions were used. All available knowledge indicated 
that the paper was available in the 2016–2017 academic year. Each paper description in each major 
was coded based on indications of CSL content. As outlined in section 2.6, CSL content was split into 
three categories:  
• Sociology of science content 
• Philosophy of science content 
• Publicity of science content 
 
For each paper description, for each category of CSL, one of three indication rankings were assigned: 
• 0. No indication of CSL content: The paper description has no indication of any 
sociology/philosophy/publicity of science content. 
• 1. Weak indication of CSL content: The paper description weakly indicates the presence of 
sociology/philosophy/publicity of science content. 
• 2. Strong indication of CSL content: The paper description strongly indicates the presence 
of sociology/philosophy/publicity of science content. 
 
A strong indication of CSL content meant that there was an indication of sociology, philosophy, or 
publicity (of science) content and that this content was in some way a critical perspective on science 
specifically: the content is in some way about science or processes related to science.  
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A weak indication meant that there was language present that vaguely indicated sociology, 
philosophy or publicity (communication) content, but there was no additional language to indicate 
that this content was about science or processes related to science. Such mentions of sociology, 
philosophy, or publicity (communication) may underlie the presence of genuine CSL content (i.e. 
critical science content from a human-centred perspective), but based on the paper descriptions 
alone, there was no indication of truly critical content about science. 
 
The research looked exclusively at the text of the paper description and not to any additional 
prerequisite or extraneous information as this referred to content outside of the paper. For 
example, the complete description for the MATH 41 paper from Stanford University reads: 
“MATH 41: Calculus (Accelerated) Introduction to differential and integral calculus of 
functions of one variable. Topics: limits, rates of change, the derivative and applications, 
introduction to the definite integral and integration. Math 41 and 42 cover the same 
material as Math 19-20-21, but in two quarters rather than three. Prerequisites: 
trigonometry, advanced algebra, and analysis of elementary functions, including 
exponentials and logarithms. Terms: Aut | Units: 5 | UG Reqs: GER:DB-Math, WAY-FR | 
Grading: Letter or Credit/No Credit Instructors: Alvarez-Gavela, D. (PI) ; Greverath, D. 
(PI) ; Yang, T. (PI).” (“Stanford University Explore Courses,” 2016a) 
We collected all text prior to the word ‘prerequisites’ in the above example (italicised). 
 
3.2.3.1 Coding 
To code a paper description as having a strong indication of sociology of science content, the 
description had to indicate that the student was very likely to encounter a value-centred, social, 
economic, or group psychology perspective on science or science-related activities. 
To code a paper description as having a strong indication of philosophy of science content, the 
description had to indicate that the student was very likely to encounter fundamental questions 
about the nature, framework, or ethics of science or science-related activities. A fundamental 
exploration of topics such as knowledge or epistemology with regards to science was taken as a 
strong indication of philosophy of science content. 
To code a paper description as having a strong indication of publicity of science content, the 
description had to indicate that the student was very likely to encounter an exploration of some type 
of communication about science or science-related activities. It was not enough that the student 
practiced ‘communication skills’, for example in a presentation or essay: the student had to consider 
the broader impact of the communication of science. Strong indications of publicity of science 
content might refer to: science policy and its relationship to scientific institutions or the public; 
different groups such as ‘the public’ or ‘scientists’ in relation to their role in a dialogue about 
science; the role and interrelatedness of the media in relation to science. 
The paper “MS&E 197” at Stanford University shows examples of a strong indication of all three CSL 
content categories: sociology of science, philosophy of science, and publicity of science.  
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“Ethical issues in science- and technology-related public policy conflicts. Focus is on 
complex, value-laden policy disputes. Topics: the nature of ethics and morality; 
rationales for liberty, justice, and human rights; and the use and abuse of these 
concepts in policy disputes. Case studies from biomedicine, environmental affairs, 
technical professions, communications, and international relations.” (“Stanford 
University Explore Courses,” 2016b) 
‘Value-laden policy disputes’ combined with an overall paper focus about science was taken to be a 
strong indicator of sociology of science content. ‘the nature of ethics and morality; rationales for 
liberty, justice, and human rights’ combined with the overall paper focus about science was taken to 
be a strong indicator of philosophy of science content. ‘the use and abuse of these concepts in policy 
disputes’ as well as ‘case studies from… communications’ were taken to be strong indicators of 
publicity of science content. 
 
Examples of weak indications of sociology of science, philosophy of science, and publicity of science 
content are all seen in the “EARTHSYS 112” paper from Stanford University. 
“Human Society and Environmental Change (ESS 112, HISTORY 103D) Interdisciplinary 
approaches to understanding human-environment interactions with a focus on economics, 
policy, culture, history, and the role of the state.” (“Stanford University Explore Courses,” 
2016c) 
The topics of ‘human-environment interactions’, ‘economics’, and ‘culture’ are indicative of 
sociology-related content. The topics of ‘culture’, ‘history’, and ‘the role of the state’ are indicative 
of philosophy-related content.  The topics of and ‘policy’ and ‘culture’ are suggestive of publicity-
related content. While these three indications are related to sociology, philosophy, and publicity 
respectively, there is no strong indication that this content is critical about science or processes 














Chapter 4 Results 
 
 
Hypothesis 1: A student at a top science university will encounter a Critical Science 
Literacy topic as part of a STEM degree. 
 
 
83 STEM majors (comprising 1727 individual paper descriptions) were analysed (see Appendix 
A for a full list of papers and majors assessed in this study). There were an average of 21 papers in 
each major required for the completion of the major (see Figure 1). The distribution of the number 
of papers in each major is shown below. Note that the term ‘minimum papers’ is used below since 
the paper description data was collected from a minimum essential set of papers for each major. 
Figure 1 was created with SPSS V17.0. 
 
Figure 1: Distribution of Minimum Papers in STEM Majors 
 
 
Thes 83 STEM majors were analysed with respect to whether or not each major contained any 
element of CSL. That is, did the major contain at least one instance of sociology of science, 
philosophy of science or publicity of science that the student must encounter in the process of 
completing the legal requirements for their major? The minimum sets of papers in each major 
comprised papers that were strictly necessary (‘student must complete Math 142’) as well as papers 
that were necessary as part of a group (‘student must complete Math 142 OR Math 143’). In every 
case, care was taken to make sure the data reflects the minimum number of compulsory CSL 
instances possible given the possible choices of papers available to a student. The results below 
show the proportion of majors at top universities that have at least one strong indication of 
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compulsory CSL. As indicated in the chart, 37.3% of majors contained at least one indication of 




Figure 2: Total Majors Containing Strong Indications of CSL 
 
 
In addition to the binary ‘did the major contain compulsory CSL?’ question seen above, we also 
analysed the degree to which each major contained compulsory CSL. Note that a major could 
hypothetically contain more instances of CSL than there are papers in that major since an instance of 
sociology of science and an instance of philosophy of science within one paper would be treated as 
two instances of CSL. Of the 31 majors that had at least one instance of compulsory CSL, the number 
of CSL instances declines steadily between one and four with only one paper containing seven 




Figure 3: Number of Majors Containing Various Amounts of CSL Evidence 
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If we extend a very charitable reading of paper descriptions so that any mention of sociology, 
philosophy, or publicity (i.e., communication) is taken as evidence of CSL content, there are, as we 
might expect, a much larger proportion of majors with compulsory CSL content. These are the ‘weak’ 
indications/evidence of CSL. As indicated by the chart below, 69.9% of majors contained at least one 




Figure 4: Majors Containing Strong or Weak Indications of CSL 
 
 
The relationship between total majors, majors with weak indications of CSL content and majors with 
strong indications of CSL content is represented diagrammatically below. The diagram was created 
with Venn Diagram Plotter V1.5.5228.29250. 
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Figure 5: Proportional Relationship of Majors With and Without Strong and Weak CSL Content 
 
 
We conclude, based primarily on the statistic that only 37.3% of majors studied contained strong 
evidence of CSL, that we must reject hypothesis 1, “A student at a top science university 
will encounter a Critical Science Literacy topic as part of a STEM degree”. 
  
 
Hypothesis 1.1: A student is as likely to encounter CSL across all Universities. 
STEM majors were again analysed with respect to whether or not each major contained any element 
of CSL. The analysis is now segmented by university. The table below shows the total number of 
STEM majors at each university. This is proceeded by a chart illustrating the proportions of majors 
containing CSL content at each university. 
 
Table 1: STEM Majors at Each University 










Figure 6: Proportion of Majors with CSL Content at each University 
 
 
Of the five universities studied, Caltech had the highest proportion of majors that contained CSL 
content. Caltech was the only university where over half of majors studied contained CSL content. 
 
The chart below shows the same total results (the total blue bars represent the proportion of majors 
that contain CSL content at each university), however now the analysis examines the number of 
instances of compulsory CSL in each university’s majors per total majors at that university.  
 
 























We conclude that between universities there is both a difference in the proportion of majors that 
contain CSL, and there is variation in the extent to which there is evidence for CSL in these CSL-
containing majors. Between the universities, the proportion of majors that contain CSL content 
ranges from 20.0–57.9%. Also, the extent to which there is CSL in these majors is highly variable 
between universities. We are therefore forced to reject hypothesis 1.1, “A student is as likely to 
encounter CSL across all Universities”. 
 
 
Hypothesis 1.2: A student is as likely to encounter CSL across all disciplines within STEM. 
The 83 majors fell into disciplines or ‘fields’ as delineated by Siebens and Ryan (2012). These 
disciplines were: 
• Computers, mathematics, and statistics 
• Biological, agricultural, and environmental sciences 
• Physical and related sciences 
• Psychology 
• Engineering 
• Multidisciplinary studies 
• Science- and Engineering-Related Fields 
 
Note, none of the STEM majors analysed fell into the ‘Social sciences’ category as per Siebens and 
Ryan (2012). For the purposes of this analysis, the social sciences category has been omitted.  
 
The table below shows the total number of STEM majors in each discipline. This is followed by a 
chart illustrating the proportions of majors containing CSL content in each discipline. Majors falling 
under the Psychology or Science- and Engineering-Related Fields all contained strong evidence of CSL 
content. None of the majors within the Biological, agricultural, and environmental science discipline 
contained any evidence of CSL content despite the fact that Biological, agricultural, and 
environmental science accounted for 9.6% of the majors studied. 
 
 
Table 2: STEM Majors in each Discipline 
Discipline Total STEM Majors 
Biological, agricultural, and environmental sciences 8 
Computers, mathematics, and statistics 16 
Physical and related sciences 24 
Multidisciplinary studies 6 
Engineering 23 






Figure 8: Proportion of Majors with CSL Content in each Discipline 
 
 
The chart below shows the same total results (the total blue bars represent the proportion of majors 
that contain CSL content in each discipline), however now the analysis examines the number of 
instances of compulsory CSL in each university’s majors per total majors in each discipline.  
 
 
Figure 9: Proportion of Majors with Different Quantities of CSL Evidence in each Discipline 
 
 
We conclude that between STEM disciplines there is both a difference in the proportion of majors 
that contain CSL, and there is variation in the extent to which there is evidence for CSL in these CSL-
containing majors. Between the disciplines, the proportion of majors that contain CSL content 
ranges from 0.0–100.0%. Also, the extent to which there is CSL in these majors is highly variable 
between disciplines. We are therefore forced to reject hypothesis 1.2, “A student is as likely to 
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Hypothesis 1.3: Among majors in which some Critical Science Literacy is encountered the 
majority will contain all three Critical Science Literacy topics. 
The proportion of majors containing all CSL content (i.e., all of sociology of science, philosophy of 
science and publicity of science was analysed as a proportion of majors containing at least one 
element of CSL content. It was found that only 6.5% of majors containing any CSL content contained 




Figure 10: Majors Containing All CSL Topics As a Proportion of Majors with At Least One CSL Topic 
 
 
Since there was such a small proportion of majors that contain strong evidence of all of sociology of 
science, philosophy of science, and publicity of science, the analysis was extended to include ‘weak’ 
evidence of CSL. The chart below examines majors with (at least) weak evidence of all of sociology of 
science, philosophy of science and publicity of science as a proportion of all majors that contain at 
least one piece of weak evidence of CSL content. Even extending the analysis to include all weak 
evidence of CSL, it is clear that the majority of CSL-containing majors do not contain all elements of 
CSL. Only 34.9% of majors containing (at least) weak evidence of CSL contain (at least) weak 
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Figure 11: Majors Containing Strong or Weak Indications of All CSL Topics As a Proportion of Majors with At 
Least One Strong or Weak Indication of a CSL Topic 
 
 
Based on the proportions above, especially the more precise ‘strong’ chart, we are forced to reject 
hypothesis 1.3, “Among majors in which some Critical Science Literacy is encountered the majority 
will contain all three Critical Science Literacy topics”. 
 
 
Hypothesis 1.3.1: Among majors in which some Critical Science Literacy topics are encountered, 
there will be an even spread of topics encountered. 
We expected that no element of critical science literacy would be favoured more than another: 
when appearing at all, we expected sociology of science, philosophy of science and publicity of 
science to appear in equal proportions. The chart below illustrates a gross analysis of the number of 
majors that contain a specific element of CSL. Note that from this graph it is not possible to see the 
degree of majors that overlap—majors that contain evidence of two or more elements of CSL. The 
majority of CSL-containing majors contained publicity of science content: 61.2% contain publicity of 
science content. 48.4% of CSL-containing majors contained sociology of science content, and 38.7% 
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Figure 12: Proportion of CSL-Containing Majors Containing Each CSL Topic  
 
 
To what extent are majors containing these elements overlapping? The diagram below gives an 
accurate visual schematic of the relative numbers of majors and overlap of majors. Note that there is 
a large overlap between sociology of science and publicity of science. This means that there are a 
substantial group of majors that contain both sociology of science and publicity of science content. 
Similarly, note also that philosophy of science is relatively isolated compared to the other two 
elements. The diagram was created with Venn Diagram Plotter V1.5.5228.29250. 
 











Based on the large difference between those CSL-containing majors with Publicity of Science content 
(61.2%) and those with Philosophy of Science content (38.7%), we reject hypothesis 1.3.1, “Among 
majors in which some Critical Science Literacy topics are encountered, there will be an even spread of 
topics encountered.” 
 
Hypothesis 1.4: There is a correlation between weak indications of CSL content in a 
major and strong indications of CSL content in the same major. 
 We investigated this hypothesis by looking first at the proportions of overlap between majors that 
had weak evidence of CSL content and majors that had strong evidence of CSL content. In other 
words, within the same major, how do instances of CSL relate or correlate to each other. Of the 
majors with strong evidence of CSL, 80.6% contained a separate instance of weak evidence of CSL 
content. Of the majors with weak evidence of CSL, 48.1% contained a separate instance of strong 
evidence of CSL content. Prima facie, it would seem that majors containing strong evidence have a 
high chance of also containing weak evidence; majors containing weak evidence have a moderate 
chance of also containing strong evidence. The diagram was created with Venn Diagram Plotter 






Figure 14: Proportional Relationship of Majors With Strong and Weak CSL Content 
 
 
The following two charts below look at the correlation between the weak evidence and strong 
evidence for CSL content within a major, first by looking at by the number of papers in each major 
with at least one piece of CSL evidence, and then the instances of CSL evidence (of which there can 
be more than one per paper in a major, for example a paper might contain strong evidence of 
philosophy of science as well as sociology of science).  
 
Both variables in figure 15 are expressed in terms of the total (minimum) papers contained in that 
major, for the purposes of equalising the analysis. Were this not taken into account, it is likely that 
simply by having more papers in each major (and therefore, more opportunities to contain CSL 
content) the results would be confounded. From the chart, there is a moderate linear model fit of 
‘papers with weak evidence (only) per minimum papers’ and ‘papers with strong evidence per 
minimum papers’. This is evidenced by an R2 value of 0.469. Furthermore, there is a Pearson 






Figure 15: Papers in Majors with Weak Evidence versus Papers in Majors with Strong Evidence 
 
 
We also examined the number of pieces of CSL evidence and the relationship between the strong 
and weak evidence. Note that each paper could have more than one piece of CSL evidence. There 
was found to be a moderate linear model fit of ‘weak CSL evidence (only) per minimum papers’ and 
‘strong CSL evidence per minimum papers’. This is evidenced by an R2 value of 0.443. Furthermore, 







Figure 16: Weak CSL Evidence in a Major versus Strong CSL Evidence in a Major 
 
 
Based on the statistically significant positive relationships between strong and weak CSL evidence (in 
terms of the papers within a major and the number of pieces of evidence within a major), we 
conclude that there is a moderate correlation between weak CSL evidence and strong CSL evidence. 
We accept hypothesis 1.4, “There is a correlation between weak indications of CSL content in a 




















Hypothesis 2: Having more necessary papers within a major correlates with 
encountering Critical Science Literacy topics. 
 
 
It was hypothesised that a greater number of ‘necessary papers’ in a major would correlate 
positively with CSL evidence. Necessary papers are papers that are strictly necessary for the 
completion of a major (e.g., ‘student must complete Math 142’). The other papers, that make up the 
minimum number of papers required for completing a major were given the name ‘selected papers’ 
because they belonged to a necessary pool of papers from which papers must be selected (e.g., 
‘student must complete Math 142 OR Math 143’). 
 
The two figures below show the proportion of necessary papers for various majored, ordered by 
total number of minimum papers in the majors. The first chart below shows only majors that contain 
CSL content. The second chart shows only majors that do not contain CSL content. Each column 
represents the papers of a single major. From the two charts, further analysis is required, but it 








Figure 18: Number of Necessary and Selected Papers in Majors without CSL Content 
 
 
The chart below shows the median, quartiles and range statistics for majors with CSL content and for 
majors without. In all respects, majors with CSL contain more necessary papers than in majors with 




















Figure 19: Distribution of Number of Necessary Papers in Majors with and without CSL 
 
 
The averages are tabulated below. The average number of necessary papers is higher in majors with 
CSL content (10.93548 vs. 6.846154 papers). In addition, the percentage of necessary papers in a 
major is higher in majors with CSL content (46.19% vs. 35.15% of total papers in majors). 
 
 
Table 3: Average Number and Percentage of Necessary Papers 
Average Necessary Papers (Majors with CSL) 10.93548 
Average Necessary Papers (Majors with no CSL) 6.846154 
Average % Necessary Papers (Majors with CSL) 46.19% 
Average % Necessary Papers (Majors with no CSL) 35.15% 
 
 
Given the difference in the percentage and number of necessary papers between majors with CSL 
and those without, we accept hypothesis 2, “Having more necessary papers within a major 








Chapter 5 Discussion 
 
 
The research in this thesis sought to assess the level of CSL present in the science education 
system. We investigated a number of hypotheses in order to establish whether university science 
students are receiving a critical education in science in the mould of Priest’s CSL (2013). 
 
CSL focuses on what citizens and journalists need to know about science in order to make informed 
decisions in a society that is increasingly scientific in many ways. Priest suggests that there are 
particular human elements within science that need to be acknowledged in order to think critically 
about the processes of science. In section 2.6, we formally codified these elements as ‘sociology of 
science’, ‘philosophy of science’ and ‘publicity of science’. Like Priest, we agree that citizens and 
journalists should encounter these concepts, but we think it is even more important that scientists 
themselves should encounter them. Because scientists almost always arrive in their professions via a 
university education, we thought it was important to dissect the contents of that education and 
comment on the presence of CSL. 
 
The research used paper descriptions to investigate the content of university papers as per the 
methods in section 3. Ideally, for the most precise account of the content in a university paper, we 
would attend every lecture, read every ‘recommended reading’ and do every assignment. This is 
impossible of course: for one, this process would be prohibitively time-consuming. The paper 
description investigation we carried out allowed a large scope: we looked at every STEM major in the 
five top science universities. Looking at these 83 majors amounted to reading the descriptions of a 
total of 1727 papers and coding them for CSL content (see Appendix A for a list of papers and 
majors). The paper descriptions were usually publicly available, which allowed for a relatively quick 
rate of data collection. With the exception of two majors at Oxford University, all five universities 
allowed public access to their STEM majors’ requirements. 
The research methodology was developed in such a way as to investigate the necessity of 
encountering CSL content. Because of this approach, the claims we make with regards to necessity 
are rigorous. Of course, it is possible that a student could actively seek to include papers with more 
CSL content in their degree, but the results here speak to the extent to which it is compulsory for 
science students to encounter CSL content. Still, there are a number of idiosyncrasies of this paper-
description technique worth exploring.  
Firstly, do paper descriptions serve as reliable proxies of paper content? Descriptions can be a 
bureaucratic necessity of university administration, but they can also serve as a summary of course 
content and an advertisement to potential students. As such, educators undoubtedly emphasise the 
content of the paper that they deem to be most worthy of note. Of course, there are many topics 
and themes covered in a paper that are not expressed in the paper description (obtaining a degree 
would be very easy if this were so!) so this necessarily forces a summary of a paper, and highlights 
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the most important topics in the educator’s mind. It can therefore be assumed that anything that is 
not mentioned is not integral to the essence of the paper; additional content thus serves to 
reinforce the overall goals of that paper outlined in the description. CSL content could very well be 
mentioned in a paper that does not explicitly say so in its description, but we reasonably assumed 
that if it were a major focus, it would be mentioned in the paper description.  
Secondly, is the subjective nature coding the data sufficiently consistent and accurate? We believe 
that a holistic interpretation of the paper descriptions by a researcher who is intimately familiar with 
the topic being researched is far more accurate and reliable than, say, an automated analysis of the 
words that occur in the paper descriptions. Automatically detecting instances of the words and 
phrases ‘philosophy’, ‘critical analysis’, ‘socially aware’ would be interesting, but we believe it is 
much more insightful to have a researcher who can interpret the overall intended meaning of a 
sentence or paragraph in the paper description. 
There are examples of using paper descriptions to represent content in the literature regarding 
university education. The few studies that there are agree that there are obvious limitations in the 
accuracy of this representation (the paper content could have changed without updating the 
description, for example), but that the benefits of a large data set outweigh the possibility of 
deviations in a few instances (Kampov-Polevoi & Hemminger, 2011; Mishra, Littles, Day, & 
Vandewalker, 2011). 
One attribute of degrees that was not accounted for was whether the degree was accredited or 
overseen by a professional body. Having an national or international accrediting body overseeing the 
degree will dictate the necessary structure of the degree. While this distinction (‘general’ STEM 
degrees vs ‘professional’ STEM degrees) is an important one, the research question of this thesis 
chooses not to distinguish various STEM degrees and instead examines the amount of CSL content in 
all STEM degrees at top universities. 
 
Hypothesis 1: A student at a top science university will encounter a Critical 
Science Literacy topic as part of a STEM degree. 
 
The research showed that 37.3% of STEM majors had compulsory CSL content (see figure 2, section 
4). That is, a student completing these majors is required to be exposed to some aspect of CSL. This 
CSL content could be any or all of: sociology of science, philosophy of science or publicity of science. 
We believe that strong indications of CSL content are the most accurate measure of CSL content in a 
paper: ‘weak indications’ were very charitable interpretations of paper descriptions. However, we 
also analysed our data with the lowered ‘weak’ threshold for CSL content, since it is possible that 
some genuine CSL content went unrecognised by the strict ‘strong indication’ criteria. When taking 
the weak indications of CSL content into account, the proportion of majors containing CSL content 
jumps to 69.9%. We believe this proportion represents the largest possible amount of majors that 
could potentially touch on CSL content, but based on the leniency of our ‘weak’ rubric, we think it is 
very unlikely that this proportion of majors contains compulsory CSL content. As stated earlier, we 
think that strong CSL indications are the most useful and reliable measure: given this, we think there 
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are sufficient grounds to reject this main hypothesis. It is not the case that a student at a top science 
university will encounter a Critical Science Literacy topic as part of a STEM degree. 
What does this rejection mean in terms of CSL content at other universities and for CSL prevalence 
more broadly? We think—a fortiori—that if students at top universities do not encounter CSL, it is 
no more likely that students at other universities will encounter CSL. Top universities are lauded as 
exemplary and progressive: if only 37.3% of the STEM majors from these institutions contain 
compulsory CSL, we believe it is unlikely that a lower ranked university will have any more CSL in its 
teaching. By extension, we infer that the students of these other institutions are no more likely to be 
exposed to CSL. 
We believe this finding also has significance more broadly. Firstly, since scientists are primarily 
trained at universities, we can infer that more often than not they are missing out on exposure to 
CSL (and, if they are exposed to CSL concepts, it does not come from their formal education). We 
could speculate further and say we believe that this finding says something about the normality of 
CSL concepts more broadly in society. If our universities (trainers of scientists and powerhouses of 
ideas) are not imparting and normalising these CSL concepts, we believe it is unlikely that the non-
scientist public (including journalists and the media) have much exposure to CSL concepts either. 
 
With regards to the difference in CSL content between disciplines, there was an enormous range 
(see figure 8, section 4). The smallest proportion of compulsory CSL was observed in majors that 
were ‘biological, agricultural, and environmental sciences’ (0% of majors contain compulsory CSL). In 
majors of the disciplines ‘Science- and engineering-related fields’ and ‘psychology’, 100% contained 
compulsory CSL content.  
It is perhaps unsurprising that majors in the ‘psychology’ discipline had CSL content—one could 
speculate that the study of psychology might invite the acknowledgement of human, communicative 
and philosophical elements in the practice of science more than other disciplines might.  
‘Science and engineering-related fields’ includes majors such as architecture, applied biotechnology 
and nursing (Siebens & Ryan, 2012). We speculate that these types of majors might invite CSL 
content more naturally because they are often related to human-focused vocations (for example: 
architecture and nursing) and in many cases may have some overlap with the humanities 
(architecture). 
 We were surprised to find that ‘physical and related sciences’ did not contain a proportionally 
higher degree of CSL content. Physics in particular has a reputation for including some philosophy of 
science content (Teixeira et al., 2009). We speculate that this reputation of physics for including 
philosophy content might come from the fact that many philosophers of science use examples from 
physics (a ‘hard science’) rather than, for example, marine science. 
 
We expected that when a major contained some CSL that this would be as a ‘package’ of concepts: 
that there would simultaneously be evidence of sociology, philosophy and publicity of science. 
However, we found extremely few majors with evidence of all three elements of CSL (see figure 10). 
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Only 6.5% of majors with at least one instance of CSL had evidence of CSL content in all three 
elements. One explanation for this finding is that the CSL concept—as it exists in Priest (2013)—is a 
relatively new ‘bundling’ of ideas. Sociology, philosophy and (by other names) ‘publicity’ of science 
have existed for some time in relative isolation, and these concepts have each on their own crept 
into the fabric of science education; it is only recently however that there has been advocacy for the 
dissemination of these ideas as a package. 
 
What then can be said about the distribution of sociology, philosophy and publicity of science 
elements among majors with some compulsory CSL? Figure 13 visualises the connectivity between 
majors containing the three elements. It can be seen that publicity of science is the most commonly 
encountered aspect of CSL, followed by sociology of science then philosophy of science. There is a 
large range between these elements: 61.2–38.7% (see figure 12). We were particularly surprised to 
find that philosophy of science was the least encountered element of CSL: we thought that with a 
longer history of attention in academia, philosophy of science content would easily be the most 
frequently encountered. 
We were interested in the large overlap between publicity of science and sociology of science (see 
figure 13). This overlap might be explained by the overlap in concepts within the content of these 
elements themselves. For example, acknowledging funding allocation and incentives in scientific 
research (sociology of science) goes hand in hand with acknowledging the effect of public relations 
and the media (publicity of science).  
 
5.1.1 Creative Component of Thesis 
Having seen that many prominent reports emphasise the importance of incorporating CSL-like 
content into science education, and having shown that there is a dearth of compulsory CSL content 
at university level, we believe we have identified a gap between the rhetoric and reality of science 
education. 
The creative component of this thesis is intended to be a convenient and accessible package of CSL 
content that fills this gap. The creative component is a series of animations, Navigating Science, that 
comprise five individual animation episodes. These episodes introduce all the major components of 
CSL: sociology of science, philosophy of science and publicity of science. The animations are aimed at 
an undergraduate student audience, though the potential audience for the videos is much larger. 
The five videos in the Navigating Science series are: 
• Video 1: Navigating Science 
• Video 2: What Does Science Look Like Today? 
• Video 3: Why Does Science Look Like This? 
• Video 4: What Is Science? 
• Video 5: How Do We Learn About Science? 
To help talk about human values in relation to science, landscape-related motifs and language are 
used throughout the series. The title, Navigating Science, implies a ‘distance’ between us—the 
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‘navigators’ of science—and science—the thing sufficiently external to us that we can explore it as 
free agents. We can choose to go in certain ‘directions’, focus on different ‘areas’, go by different 
‘routes’, and so on. The antithesis of the ‘science-as-landscape’ metaphor might be imagined as 
science-as-a-train on which we are passengers. In such an antithesis, science steams ahead and we 
have little say in its direction (it might take us to destructive or redundant places, but it has arrived 
at enough favourable places that we are willing to passively accept its direction as generally 
desirable and inevitable). In creating distance between ourselves and science, the landscape 
metaphors used in the videos seek to veer away from a ‘science-as-a-train’ image and towards a 
‘science-as-landscape’ image. By doing this, the videos seek to remind us of our autonomy in relation 
to science. We are reminded that we have idiosyncratic human desires and values and that science 
can help towards achieving these values but not determine what those values actually are. 
Subsequently, recognising this distance between human values and science can help us to critique 
scientific research or policy in a more meaningful and constructive way. 
Video 1 introduces the series by setting up a number of metaphors. To explore the scientific 
landscape we are introduced to a ‘three-part science navigation tool’ based on Priest’s CSL. This 
‘tool’ comprises Philosophy of Science, Sociology of Science and Publicity of Science. This tool is akin 
to a lens through which scientific enterprise can be viewed and scrutinised.  
Video 2 presents a number of statistics pertaining to the differences in scientific enterprise around 
the world. The statistics are necessarily transient and represent the state of affairs in 2016. These 
statistics are facts about science as opposed to ‘scientific facts’. While there are conventions and 
processes that make scientific processes fairly cohesive across the world, these processes differ 
between countries in terms of money, gender, and so on. This necessarily influences the ability to do 
research and the types of research that gets done. The intention of presenting these statistics is to 
display the current social and economic disparities in scientific processes and to reinforce the idea 
that science happens only via particular, idiosyncratic parameters: culture, history, money, human 
institutions, and so on. An audience of undergraduate science students (for example) may not have 
considered the ways in which scientific research varies across the world and how this might affect 
the direction of science. 
Having established that science happens only via particular human parameters, Video 3 asks Why 
Does Science Look Like This? It explores how we arrived at this present-day version of scientific 
enquiry by looking at three contributing factors: history, media, and economics. The video provides 
examples of the ways in which these forces have contributed to the conventions of science. For 
example, the video explores the history of the passive writing style common in some scientific 
disciplines. 
Video 4 explores how science relates to concepts like ‘knowledge’ and ‘observation’. It looks at three 
developments in the philosophy of science: induction, falsification, and paradigm shifts (a shorthand 
phrase for some of the ideas of Thomas Kuhn). The video begins by asking the audience ‘what is 
science?’ It then offers answers that an audience might suggest: ‘a collection of facts’, ‘knowledge 
from observation’, and so on. After collating these ‘common-sense’ views of science, the video looks 
at famous thought in the philosophy of science with particular attention paid to how to demarcate 
science from non-science. 
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Video 5 looks at how we learn about science. The video paints an unflattering image of formal 
science education as the ‘teaching of facts’ as opposed to training for future critical thought. This 
unflattering image of science education intends to connect with students who—despite the best 
intentions and efforts of excellent science educators—may have a myopic appreciation of science 
from years of standardised testing, popular culture representation of science, and so on. 
In their current state, the videos might be best used as an extension for students in a science course 
or for students with a philosophical interest in science. These students may arrive at these videos on 
their own or they may be directed to these videos by their educators. If learning objectives were 
created, university educators could show Navigating Science in class or direct the students to the 
videos online in order to sufficiently fulfil an obligation or desire to cover CSL content. A science or 
engineering course might provide a link on a learning management system (Blackboard,Canvas, etc.) 
for students to view in their own time (which could then—in ‘flipped classroom’ style—be discussed 
in class afterwards). 
Refer to Appendix B for the creative component materials. 
 
 
Hypothesis 2: Having more necessary papers within a major correlates with 
encountering Critical Science Literacy topics. 
 
Majors that are more prescriptive have more control over what a student must encounter; majors 
that allow a large amount of student discretion over paper choices must accept that between their 
graduates there will be discrepancies in knowledge. There is a trade-off between student autonomy 
and variety on the one hand, and ensuring students are exposed to particular concepts on the other. 
In the research, we identified papers that were strictly ‘necessary papers’, and papers that were 
‘chosen papers’ that the student could select from a pool of papers. We hypothesised that a more 
prescribed major would have more CSL content. This hypothesis assumes that the universities would 
include more CSL content in papers to which students will necessarily be exposed. 
Majors with compulsory CSL had on average a higher number of necessary papers than majors 
without CSL (figure 19). We believe this reflects that: 
• More prescribed major requirements means more control of content taught, and 
• Universities intend to include more CSL in their courses 
 
We believe that exposing STEM students to CSL content at least once is essential. One relatively 
simple way that universities could achieve this is to tweak the requirements for their majors so that 
papers that contain CSL content are ‘necessary papers’ in the major. For example, making an 
equivalent of the Stanford paper “MS&E 197: Ethical issues in science and technology-related public 
policy conflicts” compulsory would mean that every student must encounter CSL. This would still 
allow for a variety of student choices in other paper pools.  
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Another way to ensure CSL is covered would be to provide one pool of papers that can be selected 
by the students where every paper in the possible pool of papers contains CSL content. 
 
The outcomes of this research can be viewed from the perspective of at least two groups: the 
educators and the students.  
The main question for the educators that we believe is raised by the low prevalence of compulsory 
CSL at universities is “are we satisfied with the current level of CSL content in our STEM majors?” 
Each educator will no doubt have their own view on the importance of a critical science education, 
but if the literature is to be believed, and the recent educational reports are taken as representative, 
then it can be assumed that there is a trend toward critical education of the sort Priest’s CSL 
describes (European Commission, 2014).  
There is also another perspective: the students. It is not unreasonable to assume that a savvy 
student (perhaps one with hopes of becoming a scientist) might actively seek to incorporate CSL 
topics into their study? Is it possible for such a student to look at paper descriptions and easily see 
that they will encounter CSL? We believe that in many majors it would take a student considerable 
effort to select papers that cover all CSL topics. In some majors, this will be impossible. Left to the 
universities alone (i.e., without the diligence of students constructing their own CSL education), the 
best we can currently achieve at our top universities is for students from only 37.3% of majors to 
encounter CSL. When they do, it is usually only one element. 
 
In the process of collecting data, we were able to glean the details of the requirements for majors 
across different university departments. One trend we observed in multiple engineering 
departments is that there is often a requirement for some humanities-type paper to be included in 
the major. Stanford, for example, requires engineering students to have a Technology in Society 
component of their degree. Each major differs in how it prescribes which Technology in Society 
papers the student must take (through different sets of ‘necessary papers’ and ‘chosen papers’). 
Many of the Technology in Society papers contain elements of CSL. We believe that this initiative 
from Stanford is laudable and a step in the right direction for critical science education at 
universities. This program could serve as a basic model for CSL in STEM education from which other 
universities could take inspiration to develop their own equivalent requirements. 
 
 
We hope this research serves as a baseline for assessing the exposure to CSL at top universities at 
this time. More generally, we think this research assists in answering whether we are doing an 
adequate job at educating our scientists to be critically literate in science. Ultimately, like Priest 
(2013), we hope that our citizens and journalists will be more critically literate, but we think the 
same should be required for our scientists. After all, our scientists are citizens too.  
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In general, we believe our research provides evidence that there is much less CSL than one might 
hope for or expect in university science education, especially given the goals in reports such as A 
Vision for Science and Society (2008) and Science Education for Responsible Citizenship (2014). In any 
case, there is certainly less CSL content than we feel is needed for training critical scientists.  
It is perhaps asking a lot of our scientists and potential scientists: that they essentially become 
humanistic philosophers as well. However, we think this is the only way that we can foster people 
who are ‘good scientists’ and not just people who are simply ‘good at science’. In the poetic words of 
Collins and Pinch (1993): 
“…Science is not to be blamed for its mistakes; they are our mistakes… A golem, powerful 
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CME 106 CME 100 CHEM 31X CME 104 
PHYSICS 41 PHYSICS 41 CEE 70 CME 106 
PHYSICS 43 MS&E 193 MS&E 197 CHEM 31X 
PHYSICS 45 BIO 41 ENGR 50E CHEM 33 
CHEM 31X EARTHSYS 102 ENGR 10 BIO 41 
PHYSICS 42 CEE 64 ENGR 14 BIO 42 
PHYSICS 44 CEE 70 CEE 64 PHYSICS 41 
PHYSICS 46 CEE 101D CEE 107S Physics 42 
MS&E 193 PHYSICS 23 AA 100 BIOE 131 
ENGR 30 ENGR 14 or ME 70 ENGR 80 
ENGR 70A CEE 146A CEE 172 ENGR 70A 
ENGR 62 CEE 31(Q) EARTHSYS 111 ENGR 15 
AA 100 CEE 100 CEE 107F BIOE 41 
ME 70 CEE 120 CEE 176A BIOE 42 
ME 131A. CEE 130 EARTHSYS 102 BIOE 101 
ENGR 14 CEE 137B ENERGY 104 BIOE 103 
ENGR 15 ARTHIST 3 
 
BIOE 44 
ME 161 CEE 101A 
 
BIOE 51 
CEE 101A CEE 101B 
 
BIOE 123 
AA 190 CEE 101C 
 
BIOE 141A 
ENGR 240 CEE 133F 
 
BIOE 141B 
ME 210 ENGR 50 
 
BIOE 115 
ENGR 105 ME 101 
 
BIOE 201C 
AA 203 CEE 32R 
 
BIOE 211 
AA 236 A & B TAPS 137 
 
BIOE 212 
AA 241A & B 









Biology Biomechanical Engineering Biomedical Computation Chemical Engineering 
BIO 41 CME 102 MATH 41 MATH 41 
BIO 42 CME 106 MATH 42 MATH 42 
BIO 43 MATH 51 STATS 116 CME 100 
BIO 44X CME 104 STATS 141 CME 102 
BIOHOPK 44Y MATH 120 CHEM 31X CME 104 
CHEM 31X CHEM 31X CHEM 33 CHEM 31X 
CHEM 33 CHEM 33 BIO 41 CHEM 33 
CHEM 2 PHYSICS 41 BIO 42 CHEM 35 
CHEM 130 BIO 44X BIO 43 CHEM 131 
CHEM 131 BIO 41 PHYSICS 41 PHYSICS 41 
CHEM 135 BIO 42 CS 107 PHYSICS 43 
PHYSICS 21 BIO 43 CS 103 ENGR 145 
PHYSICS 22 ENGR 145 CS 145 ENGR 20 
PHYSICS 23 ENGR 14 CS 221 ENGR 25B 
PHYSICS 24 ENGR 25B CS 161 ENGR 62 
MATH 19 ENGR 62 CS 275 CHEMENG 10 
MATH 20 ENGR 199W CS 191W CHEMENG 100 
MATH 21 ENGR 15 CS 106B CHEMENG 110 
BIOHOPK 174H ENGR 30 ENGR 62 CHEMENG 120A 
BIO 198 ME 70 ENGR 145 CHEMENG 120B 
BIOHOPK 198H ME 80 CME 100 CHEMENG 130 
BIO 104 ME 389 CME 102 CHEMENG 150 
BIO 118 ENGR 105 ENGR 10 CHEMENG 140 
BIO 112 ME 161 BIO 188 CHEMENG 142 
BIO 107 ME 210 ENGR 15 CHEMENG 160 
 









   
CHEMENG 180 
   
CHEMENG 181 
   
CHEMENG 185A 
   
CHEMENG 185B 
   
CHEM 171 
   
CHEM 173 










Civil and Environmental 
Engineering Computer Science Earth Systems 
CHEM 31X CME 100 MATH 41 BIO 41 
CHEM 33 CME 102 MATH 42 CHEM 31X 
CHEM 35 MATH 41 CS 103 ECON 1 
CHEM 130 MATH 42 CS 109 ECON 50 
CHEM 131 PHYSICS 41 MATH 51 ECON 155 
CHEM 132 CHEM 31X CME 100 GS 1A 
CHEM 134 CHEM 33 PHYSICS 21 MATH 19 
CHEM 151 GS 1A PHYSICS 23 CME 100 
CHEM 153 ENGR 145 BIO 41 PHYSICS 21 
CHEM 171 ENGR 90 (CEE 70) CS 106B BIO 174H 
CHEM 173 ENGR 15 ENGR 40 EARTHSYS 10 
CHEM 174 CEE 146A ENGR 15 EARTHSYS 111 
CHEM 175 CEE 100 ENGR 145 EARTHSYS 112 
CHEM 176 CEE 101A CS 107 EARTHSYS 210A 
MATH 41 CEE 101B CS 110 EARTHSYS 210P 
MATH 42 CEE 101C CS 161 EARTHSYS 260 
MATH 51 CEE 160 CS 221 EARTHSYS 200 
MATH 51M CEE 161A CS 228 ECON 150 
MATH 53 CEE 166A CS 131 MS&E 264 
PHYSICS 41 CEE 166B CS 124 ANTHRO 161 
PHYSICS 42 CEE 171 CS 238 ANTHRO 162 
PHYSICS 44 CEE 172 CS 275 EARTHSYS 185 
PHYSICS 43 CEE 177 ECON 286 ECON 52 
 


























Engineering Engineering Physics 
Environmental Systems 
Engineering 
MATH 41 ENERGY 101 CME 100 MATH 41 
MATH 42 ENERGY 104 CME 102 MATH 42 
CME 100 ENERGY 120 CME 104 CME 100 
CME 102 ENERGY 160 MATH 131P CME 102 
EE 102B ENERGY 199 PHYSICS 61 PHYSICS 41 
EE 178 MATH 41 PHYSICS 62 CHEM 31X 
PHYSICS 61 MATH 42 PHYSICS 63 BIO 41 
PHYSICS 63 CME 100 PHYSICS 64 STATS 116 
BIO 41 CME 102 PHYSICS 65 MS&E 193 
ENGR 145 CME 104 PHYSICS 67 ENGR 70A 
CS 106X CHEM 31X ENGR 145 ENGR 90 
EE 109 CHEM 33 CS 106X ENGR 15 
EE 100 PHYSICS 41 ENGR 14 CEE 1 
EE 101A PHYSICS 43 ENGR 15 CEE 133F 
EE 102 A PHYSICS 45 EE 261 ENGR 202W 
EE 108 PHYSICS 46 PHYS 110 CEE 155 
EE 65 GS 1A EE 142 CEE 101B 
EE 101B CS 106A EE 242 CEE 164 
EE 134 CS 106X CME 108 CEE 175A 
EE 122B ENGR 14 ENGR 40 BIO 43 
EE 124 ENGR 30 AA 190 CEE 177 
 
ENERGY 110 EE 222 CEE 174a 
 
ME 70 EE 223 CEE 166A 
 
ENGR 145 PHYSICS 170 EARTHSYS 146B 
 
ENERGY 120A PHYSICS 171 EARTHSYS 141 
 
ENERGY 121 AA 236A CEE 161A 
 
ENGR 62 AA 100 CEE 156 
 
ENERGY 125 AA 203 CEE 166D 
 
GS 151 AA 244A CEE 141A 
 
ENERGY 102 










Geological Sciences Geophysics 
Management Science and 
Engineering 
Materials Science and 
Engineering 
GS 1A GEOPHYS 110 CME 100 CME 100 
GS 4 GEOPHYS 120 CME 103 CME 104 
GS 90 GEOPHYS 130 MS&E 120 CME 102 
GS 102 GEOPHYS 150 MS&E 121 PHYSICS 61 
GS 103 GEOPHYS 160 MS&E 125 PHYSICS 62 
GS 104 GEOPHYS 162 (PHYSICS 67) CHEM 31X PHYSICS 63 
GS 105 GEOPHYS 190 CHEM 33 PHYSICS 64 
GS 150 GEOPHYS 196 CHEM 131 PHYSICS 65 
GS 190 Geophys197 CHEM 135 PHYSICS 67 
GS 130 GEOPHYS 199 BIO 43 CHEM 31X 
GS 110 GEOPHYS 201 CEE 63 MS&E 193 
GS 163 CME 100 MS&E 193 ENGR 50 
GS 151 CME 102 CS 106A ENGR 15 
GS 123 CME 104 ENGR 25E ENGR 40A 
GS 107 GS 1A ENGR 40A MATSCI 153 
CS 106A CHEM 31X ENGR 80 MATSCI 154 
GS 131 PHYSICS 61 ENGR 14 MATSCI 155 
ES 155 PHYSICS 63 CS 103 MATSCI 157 
GEOPHYS 190 PHYSICS 65 ECON 50 MATSCI 151 
MATH 41 GEOPHYS 182 MSE 108 MATSCI 152 
MATH 42 GEOPHYS 141 MSE 111 MATSCI 161 
CME 100 GEOPHYS 281 MSE 140 MATSCI 160 
CME 102 GEOPHYS 146A MSE 180 MATSCI 162 
CME 104 CEE 101A MS&E 146 MATSCI 163 
CHEM 31X GS102 MS&E 152 BIOE 220 
CHEM 171 
 
ECON 51 BIOE 281 
BIO 41 
 




 GS 105 
 
MS&E 226 
















Computational Science Mathematics Mechanical Engineering Physics 
MATH 41 MATH 41 CME 106 PHYSICS 61 
MATH 42 MATH 42 MATH 41 PHYSICS 62 
MATH 51 MATH 51 MATH 42 PHYSICS 63 
MATH 52 MATH 52 CME 102 PHYSICS 64 
MATH 53 MATH 53 MATH 51 PHYSICS 65 
MATH 104 MATH 104 PHYSICS 61 PHYSICS 67 
CS 103 MATH 106 PHYSICS 62 PHYSICS 112 
CS 106A MATH 109 PHYSICS 63 MATH 131P 
CS 106B MATH 110 PHYSICS 64 MATH 51 
CME 108 MATH 115 PHYSICS 65 MATH 52 
CS 107 MATH 108 PHYSICS 67 MATH 53 
MS&E 211 MATH 113P CHEM 31X MATH 101 
MS&E 221 MATH 132 ENGR 40 STATS 116 
STATS 116 MATH 143 ENGR 70A EE 261 
STATS 200 MATH 146 ENGR 15 PHYSICS 105 
STATS 191 MATH 147 MS&E 193 PHYSICS 107 
MATH 109 MATH 148 ME 112 PHYSICS 112 
ECON 102C MATH 152 ME 131A PHYSICS 113 
EE 261 
 
ME 140 PHYSICS 120 
STATS 202 
 
ENGR 105 PHYSICS 121 
  
ENGR 70A PHYSICS 108 
  
ME 101 PHYSICS 110 
  
ME 113 PHYSICS 130 
  
ME 114 PHYSICS 131 
  
ME 131B PHYSICS 134 
  
ME 161 PHYSICS 170 
  
ME 203 PHYSICS 171 
  
AA 283 MATH 51 
  
ENGR 105 MATH 52 
  
ENGR 240 MATH 53 
   
MATH 131P 
   
MATH 104 
   
PHYSICS 172 
   
APPPHYS 270 
   
MATSCI 195 
   
EE 236A 
   
EE 236C 
   
APPPHYS 207 






Product Design Symbolic Systems 
STATS 110 SYMSYS 100 
MATH 19 MATH 19 
MATH 20 MATH 20 
MATH 21 MATH 21 
CME 100 CME 100 
PHYSICS 41 CS 109 
PHYSICS 43 CS 106A 
PHYSICS 45 CS 106B 
PSYCH 1 CS 103 
PSYCH 106 PHIl 151 
MS&E 193 PHIL 152 
ENGR 40A PHIL 135 
ENGR 70A PHIL 80 
ENGR 15 PHIL 175 
ARTSTUDIO 130 PSYCH 50 
ARTSTUDIO 130N BIO 20 
ARTSTUDIO 131 LINGUIST 106 
ENGR 14 LINGUIST 105 
ME 80 CS 131 
ME 101 PSYCH 169 
ME 103D CS 157 
ME 110 MATH 161 
ME 112 PHIL 154 
ME 115A PHIL 159 
ME 115B PHIL 351 
ME 115C 
 ME 203 
 ME 216A 
 ME 216B 
















Earth Sciences (Geology) 
Mathematics 
Mathematics and Computer Science 



























Biological Sciences Biomedical Sciences Chemistry Computer Science 
Cells & Genes 
Body, Brain and 
Behaviour 1A Inorganic Chemistry Discrete Mathematics 
Ecology and Evolution 
Body, Brain and 




Cells, Molecules and 
Genes 2A Organic Chemistry Linear Algebra 
Quantitative Methods 
Cells, Molecules and 
Genes 2B 
Mathematics for 
Chemistry Continuous maths 
Evolution 
Introduction to 
Probability Theory and 
Statistics Inorganic Chemistry II 
Design and analysis of 
algorithms 
Quantitative Methods Molecular biology Physical Chemistry II Digital Systems 
Adaptations to the Environment 
Developmental 
biology Organic Chemistry II 
Imperative 
programming I 
Cell & Developmental Biology Systems physiology General 
Imperative 
programming II 
Animal Cognition General pharmacology Inorganic Chemistry III 
Introduction to Formal 
Proof 
Animal Locomotion: Evolutionary 





















Ecology of Terrestrial Ecosystems: Past, 
present and future 
  
Logic and Proof 
   
Group Design Practical 
   
Databases 
   
Intelligent Systems 
   
Algorithms and Data 
Structures 
   
Compilers 
   
Computer security 
   
Computational 
Complexity 
   
Set Theory 
   
Geometric Modelling 
   
Computer Graphics 












Earth Sciences (Geology) Mathematics 
Mathematics and Computer 
Science Mathematics and Statistics 
Planet Earth 
Introduction to University 
Mathematics 
Analysis I Introduction to University 
Mathematics 
Fundamentals of Geology I 
Introduction to Complex Numbers Analysis II Introduction to Complex 
Numbers 
Fundamentals of Geology II 
Linear Algebra I Analysis III Linear Algebra I 






Introductory Calculus Groups and Group Actions Introductory Calculus 
Paper 1 (A14627L1) 
Probability Introduction to Complex 
Numbers 
Probability 
Paper 2 (A14628L1) 




Linear Algebra II Linear Algebra I Linear Algebra II 
Paper 3 (A15629L1) 
Groups and Group Actions Linear Algebra II Groups and Group Actions 
Mathematical Tools 
Analysis II Probability Analysis II 
Paper 1 (A10638W1)  
Dynamics Design and analysis of 
algorithms 
Dynamics 
Paper 2 (A10639W1)  
Fourier Series and Partial 
Differential Equations Functional programming 
Fourier Series and Partial 
Differential Equations 
Paper 3 (A10647W1)  
Multivariable Calculus 
Imperative programming I 
Multivariable Calculus 
Paper 4 (A13477W1) 
Analysis III 
Imperative programming II 
Analysis III 
Paper 7 (A13478W1)  
Statistics and Data Analysis Object-Oriented 
Programming 
Statistics and Data Analysis 
Paper 6 (A14882W1) 
Constructive Mathematics Models of Computation Constructive Mathematics 
Paper 10 (A13476W1)  Linear Algebra (A0) 
Concurrent Programming 
Dierential Equations 1 
 
Differential Equations (A1) 
Logic and Proof 
Probability 
 
Metric Spaces and Complex Analysis 
(A2) Linear Algebra Statistics 
 
Rings and Modules 
Metric Spaces and Complex 
Analysis Linear Algebra 
 
Numerical Analysis Rings and Modules 
Metric Spaces and Complex 
Analysis 
 
Integration Fluids and Waves Rings and Modules 
 
Topology Numerical Analysis Numerical Analysis 
 
Differential Equations 2 (A6) Set Theory (B1.2) Integration 
 
Number theory ('ASO') 
Intro to Representation 
Theory (B2.1) Topology 
 
Group Theory ('ASO') Galois Theory (B3.1) Applied Statistics (SB1) 
 
Projective Geometry ('ASO') Databases Applied Statistics I (SB1a) 
 
Set Theory (B1.2) 
Algorithms and Data 
Structures Applied Statistics II (SB1b) 
 
Introduction to Representation 
Theory (B2.1) Computer Security 
Foundations of Statistical 
Inference (SB2a) 
 
Galois Theory (B3.1) 
Computer-Aided Formal 
Verification Applied Probability (SB3a) 
 




Topology and Groups 
 




Galois Theory (B3.1) 
 









Physics Psychology (Experimental) 
Physics 1 (CP1) Psychology 
Physics 2 (CP2) Statistics 
Mathematical Methods 1 
(CP3) Neurophysiology 
Mathematical Methods 2 
(CP4) Cognitive Neuroscience 
Functions of a Complex 
Variable (S01) Behavioural Neuroscience 
Mathematical Methods 2nd 
Year Perception 
Thermal Physics (A1) 
Memory, Attention & 
Information Processing 
Electromagnetism and 
Optics (A2) Language & Cognition 
Quantum Physics (A3) Developmental Psychology 
Classical Mechanics (S07) Social Psychology 
Flows, Fluctuations and 
Complexity (B1) 
Personality, Individual 
Differences & Psychological 
Disorders Second Year 
Symmetry and Relativity 
(B2) 
Biological Bases of 
Behaviour 
Quantum, Atomic and 
Molecular Physics (B3) 
Social Psychology, 
Developmental Psychology 
and Individual Differences 
Sub-Atomic Physics (B4) 
Human Experimental 
Psychology 



















































Architecture Chemical Engineering Computer Science Engineering 
Introduction to Architectural 
History/Theory (pre-1800) 
Mechanical 
Engineering Vectors and Matrice 
Mechanical 
Engineering 
Introduction to Architectural 
History/Theory (post-1800) 
Structures and 
Materials Digital Electronics 
Structures and 
Materials 
Fundamental Principles of Construction 
Electrical and 
Information 




Fundamental Principles of Structural Design 
Mathematical 
Methods Numerical Methods 
Mathematical 
Methods 
Fundamental Principles of Environmental 
Design Fluid Mechanics Computer Design Mechanics 
Studies in History and Theories of 
Architecture, Urbanism and Design 
Equilibrium Staged 
Processes Compiler Construction Structures 
Principles of Construction 
Introductory Chemical 
Engineering Complexity Theory Materials 





Principles of Environmental Design Enabling Topics Bioinformatics Electrical Engineering 
Advanced Studies in Historical and 
Theoretical Aspects of Architecture and 
Urbanism Fluid Mechanics Information Retrieval 
Information 
Engineering 





Advanced Studies in Construction 
Technology 


















   
Heat and Mass 
Transfer 
   
Electric Drive Systems 
   
Mechanics of Solids 
   
Dynamics 














(Part II course) Mathematics Natural Sciences 
Psychological and 
Behavioural Sciences 
Mechanical Engineering Vectors and Matrice Earth Sciences Introduction to Psychology 
Structures and Materials Analysis I Materials Science 
Psychological Enquiry and 
Methods (PBS 2) 
Electrical and Information 
Engineering Vector Calculus Physics 
Humans In Biological 
Perspective (BAN 1) 
Mathematical Methods Groups Mathematics 
Foundations of Computer 
Science 
Mechanics Metric and Topological Spa Earth Science A 
Social and Developmental 
Psychology 
Structures Analysis II Earth Science B Experimental Psychology 
Materials Methods Materials Science Neurobiology 
Thermofluid Mechanics Statistics Geophysics (C1) Health and Disease (BAN4) 
Electrical Engineering Number Theory Petrology (C3) 
PBS Paper 13 Behavioural 
and Cognitive Neuroscience 
Information Engineering Coding and Cryptography Earth’s Climate System (C4) 
PBS 12: Cognitive and 
Experimental Psychology 
Mathematical Methods 
Automata and Formal 
Languages 
 
Psychology of Language 
Processing and Learning 
Business Economics Mathematical Biology 
  Aerothermal Engineering 
   Mechanical Engineering 
   Materials into products 
   Operation and control of 
production machines & 
systems 
   Design 
   Operations management 
   Industrial engineering 
   Organisational behaviour 
   Managing business and 
people 
   Financial and management 
accounting 
   Industrial economics, 
strategy and governance 
   Contemporary issues in 
manufacturing 














Chemical and Physical Biology 
Chemistry 
Chemistry and Physics 
Computer Science 
Earth and Planetary Sciences 
Electrical Engineering 
Engineering Sciences 
Human Developmental and Regenerative 
Biology 



























Applied Mathematics Astrophysics 
Biomedical 
Engineering 
Chemical and Physical 
Biology 
MATH 1A ASTRON 16 APMTH 21A LIFESCI 1A 
MATH 1B ASTRON 17 APMTH 21B LIFESCI 1B 
APMTH 21A PHYSICS 15A PHYSICS 15A MCB 60 
APMTH 21B PHYSICS 15B PHYSICS 15B MCB 65 
APMTH 111 PHYSICS 15C APMTH 101 PHYSCI 1 
STAT 110 APMTH 21A CHEM 17 CHEM 60 
APMTH 120 APMTH 21B LIFESCI 1A CHEM 20 
MATH 122 ASTRON 98 LIFESCI 1B CHEM 30 
MATH 110 ASTRON 100 ENG-SCI 53 MATH 19A 
APMTH 50 ASTRON 130 BE 110 MATH 19B 
MATH 116 ASTRON 151 ENG-SCI 125 PHYSICS 15A 
APMTH 107 ASTRON 191 ENG-SCI 181 PHYSICS 15B 
CHEM 20 
 




 CHEM 160 
   CHEM 165 
   CHEM 255 

















Chemistry Chemistry and Physics 
Earth and Planetary 
Sciences Computer Science 
LIFESCI 1A LIFESCI 1A E-PSCI 21 MATH 1A 
PHYSCI 1 PHYSCI 1 E-PSCI 22 MATH 1B 
CHEM 40 CHEM 40 PHYSICS 15A MATH 21A 
CHEM 20 CHEM 20 PHYSICS 15B MATH 21B 
CHEM 30 CHEM 30 PHYSICS 15C COMPSCI 50 
CHEM 160 CHEM 60 PHYSCI 1 COMPSCI 51 
CHEM 60 PHYSICS 15A APMTH 21A COMPSCI 121 
CHEM 165 PHYSICS 15B APMTH 21B APMTH 106 
LPS A PHYSICS 15C E-PSCI 100 STAT 110 
MATH 21A PHYSICS 143A E-PSCI 107 COMPSCI 141 
PHYSCI 2 APMTH 21A E-PSCI 112 APMTH 107 
PHYSCI 3 APMTH 21B E-PSCI 131 COMPSCI 61 
 


























Electrical Engineering Engineering Sciences 




MATH 1A MATH 1A LIFESCI 1A LIFESCI 1A 
MATH 1B MATH 1B LIFESCI 1B LIFESCI 1B 
ENG-SCI 150 APMTH 101 MATH 1B HEB 1321 
APMTH 107 APMTH 107 PHYSCI 1 HEB 1335 
APMTH 50 PHYSICS 15A SCRB 10 HEB 1351 
PHYSICS 15A PHYSICS 15B MCB 60 HEB 1210 
LIFESCI 1A COMPSCI 50 PHYSCI 2 HEB 1413 
PHYSCI 1 ENG-SCI 96 CHEM 17 MCB 80 
COMPSCI 50 ENG-SCI 100HFA CHEM 27 OEB 10 
ENG-SCI 96 ENG-SCI 53 SCRB 145 OEB 101 
ENG-SCI 100HFA BE 110 SCRB 130 MBB 980H 
ENG-SCI 52 ENG-SCI 221 SCRB 140 HEB 97 
ENG-SCI 154 ENG-SCI 211 SCRB 91r. 
 ENG-SCI 156 ENG-SCI 227 
  ENG-SCI 173 LIFESCI 1A 
  ENG-SCI 50 LPS A 
  ENG-SCI 151 ENG-SCI 120 
  ENG-SCI 155 ENG-SCI 123 
  ENG-SCI 53 ENG-SCI 181 
  ENG-SCI 51 ENG-SCI 190 
















Integrative Biology Mathematics Mechanical Engineering 
Molecular and Cellular 
Biology 
LIFESCI 1A MATH 122 MATH 1A LIFESCI 1A 
LIFESCI 1B MATH 110 MATH 1B LIFESCI 1B 
OEB 10 MATH 130 APMTH 21A MCB 60 
OEB 53 MATH 131 APMTH 21B MCB 65 
OEB 51 MATH 132 APMTH 101 PHYSCI 1 
OEB 52 MATH 112 APMTH 105 CHEM 17 
LIFESCI 2 MATH 113 PHYSICS 15A MATH 1B 
MCB 65 MATH 114 PHYSICS 15B COMPSCI 50 
MCB 105 APMTH 21A LIFESCI 1A PHYSCI 2 
CHEM 160 APMTH 21B PHYSCI 1 PHYSCI 3 
CHEM 60 CHEM 160 COMPSCI 51 MCB 105 
CHEM E-100 COMPSCI 51 ENG-SCI 52 MCB 111 











































Neurobiology Psychology Physics Statistics 
LIFESCI 1A SCILIVSY 20S PHYSICS 15A STAT 110 
LIFESCI 1B PSY 1900 PHYSICS 15B STAT 111 
LIFESCI 2 PSY 14 PHYSICS 15C STAT 107 
MCB 80 MCB 80 PHYSICS 143A STAT 123 
MCB 105 PSY 2446R MATH 21A STAT 131 
NEUROBIO 104A PSY 1052 MATH 21B STAT 135 
NEUROBIO 105A PSY 1201 CHEM 160 STAT 139 
NEUROBIO 106A PSY 1304 PHYSICS 201 APMTH 21A 
CHEM 60 PSY 1853 CHEM E-100 APMTH 21B 
PHYSICS 15A PSY 1601 ENG-SCI 120 APMTH 111 
CHEM E-100 PSY 1801 ENG-SCI 123 COMPSCI 51 

































































Biology Bioengineering Chemical Engineering Chemistry 
BI 8 BE 1 MA 2 CH 14 
BI 9 BE 150 PH 2ABC CH 21 ABC 
BI 117 BE/APH 161 CH/CHE 9 CH 41 ABC 
BI 122 CHE/BE 163 CHE 15 CH 90 
BI/CNS 150 BE/CS/CNS/BI 191 A CH 21 ABC MA 2 
CH 41 BI 1 X CH 41 ABC PH 2ABC 
MA 2 BE/EE/MEDE 189 A CHE 62 CH 21 ABC 
MA 3 CHE 130. CHE 63 AB CH 4 AB 
PH 2ABC PH 2ABC CH/CHE 91 CH 5 AB 
BI 22 BI 8 ACM 95 ABC CH 6 AB 
BI/CH 110 BI 9 CHE 101 CH 7 
BI/CH 111 CH 25 CHE 103 ABC CH 10 C 
BI/BE 24 CH 41 A CHE 105 CH 120 AB 
 
BI/GE/ESE 105 BI/CH 110 CHE 126 CH 121 AB 
BI 114 BI/CH 111 CHE 130 CH 122 
BI 115 BE/BI 103 CHE 151 AB CH 125 ABC 
BI 118 BE 107 CHE 152 CH 126 
BI 145 BE 150 BEM 102 
 BI/BE 182. BE 159 CHE/BE 163 
 BI 190. E 10 BI/CH 110 




























Applied and Computational 
Mathematics Applied Physics Materials Science Computer Science 
MA 1 B E 10 MA 2 CS 1 
MA 1 C APH 78 ABC MA 3 CS 2 
MA 2 PH 3 PH2A CS 4 
MA 3 PH 5 PH2B CS 11 
MA 6 ABC PH 7 PH2C CS 21 
PH 2ABC PH 12 ABC CS 1 CS 24 
ACM 11 APH 105 AB BE 107 CS 38 
CS 1 PH 106 ABC BE 150 CS 80ABC 
E 10 PH 125 AB BE 159 CS 115 
ACM 95 AB MA 2 BI 114 CS 116 
MA 108 ABC MA 3 BI 115 CS 121 
CMS/ACM 104 ACM 95 AB BI 118 CS 124 
ACM 101 AB APH 78 ABC APH 77 BC CS 138 
ACM 106 AB APH 101 ABC CS/CNS 171 CS/EE 143 
ACM 213 
 
ACM 95 AB CS/CNS 171 
ACM 270 
 
E 10 CS 179 
ACM 105 
 
E 11 MA 2 
BI/CH 111 
 
APH 17 AB MA 3 
  
MS 115 A MA/CS 6A 
  
MS 115 B E 10 
  
MS 90 E 11 
  
MS 78 BI 8 
  
CH 120 AB BI 9 
  
CH 121 AB ACM 106 AB 
  
CH 125 ABC ACM 213 
  
APH/MS 105 ABC ACM 270 
  
APH 114 ABC ACM 105 
   
MA 108 ABC 
   
MA 6 ABC 













Engineering & Applied 
Science Mechanical Engineering Geobiology 
MA 2 MA 2 E 10 GE 11 ABC 
MA 3 MA 3 E 11 GE/AY 11 C 
PH 2 ABC ACM/ESE118 MA 2 GE 109 
EE 1 PH2A ACM 95 A BI 24 
APH/EE 9 AB PH12A ACM 95 B MA 2 
E 10 PH2B MA 3 MA 3 
E 11 PH12B MA 6 ABC PH 2 A 
EE 40 CH21A PH 2ABC PH 2 B 
EE 44 PH2C ACM 11 CH 41 ABC 
EE 45 PH12C ME11 BI/CH 110 
EE/CS 51 CHE63 ME12ABC BI 8 
EE/CS 52 ME11 ME13 BI 9 
EE 90 CH21C ME14 BI 10 
EE 111 CS 1 ME 50AB BI 117 
EE 151 ACM 213 ME72AB BI 122 
EE 160 ACM 270 ME 115 AB ESE/BI 166 
ACM 95 AB ACM 105 ME 119 AB ESE/BI 168 
ACM/EE 116 BI 8 ME/CE 163 GE 112 
EE 113/CDS 110 BI 9 ME/CE/GE 174 CH 4 AB 
EE 91 BI 117 AE/GE/ME 160 AB BI 115 
EE 80ABC EE/CS 52 
 
BI/CH 111 
EE 112 EE 90 
 
BI/CNS 150 
EE 113 ACM 95 AB 


















CH 120 AB 
  
 
CH 121 AB 
  
 
CH 125 ABC 
  
 
APH/MS 105 ABC 
  
 
APH 114 ABC 







Geochemistry Geology Geophysics Planetary Science 
GE 11 AB GE 11 AB GE 11 AB MA 2 
GE/AY 11 C GE/AY 11 C GE 11 D MA 3 
GE 109 GE 109 GE 109 PH 2 A 
EN/WR 84 EN/WR 84 EN/WR 84 PH 2 C 
MA 2 MA 2 GE 111 AB GE 11 AB 
MA 3 MA 3 MA 2 EN/WR 84 
PH 2 A PH 2 A MA 3 ACM 95 AB 
PH 2 B PH 2 B PH 2 A PH 106 ABC 
ACM 95 AB ACM 95 AB PH 2 C CH 21 ABC 
GE/ESE 118. GE 106 ACM 95 AB AE/APH/CE/ME 101 ABC 
GE 114 A GE 114 AB PH 106 ABC AE/GE/ME 160 AB 
GE 140 B GE 115 AB ME11 PH 125 ABC 
CH 21 ABC GE 120 A ME12ABC GE 11 D 
CH 8 GE 111 AB GE 106 GE 102 
CH 4 AB GE 112 GE 112 GE 131 
CH 6 AB CH 8 GE/CH 127 GE/AY 133 
CH 14 CH 4 AB GE/AY 133 GE/ESE 150 
CH 21 ABC CH 6 AB 
 
GE 151 
GE/ESE 154 CH 14 
 
GE/EE/ESE 157 C 
CH 41 BC CH 21 ABC 
  CHE 63 AB GE 106 
  GE 106 GE 112 
  GE 112 GE/CH 127 
  GE/CH 127 GE/AY 133 
  GE/AY 133 













Astronomy Mathematics Physics 
AY 20 MA 2 PH 3 
AY 21 MA 3 MA 2 
AY 101 PH 2BC MA 3 
AY 102 MA 5ABC PH 12 ABC 
AY 30 MA 10 PH 6 
AY 31 MA 108ABC PH 7 
AY 141 MA 109ABC PH 78 
MA 2 MA/CS 6A MA 10 
MA 3 MA/CS 6C PH 106 ABC 
PH 2 ABC MA 7 PH 125 AB 
PH 125 AB MA 8 
 PH 106 ABC MA 110 ABC 
 PH 5 ACM 270 
 PH 3 ACM 105 
 PH 7 MA 120 ABC 
 AY 121 
  AY/GE 198 
  AY 142 
  AY 125 
  AY 105 
  AY 121 
  AY 119 
  GE 112 
  GE/CH 127 
  GE/AY 133 













Appendix B: Creative Component DVD 
 
 
A DVD containing the creative component of this thesis is attached to the back cover of this 
document. The creative component is a series of animations collectively titled Navigating Science. 
The series comprises five individual animations. These are: 
• Episode 1: Navigating Science 
• Episode 2: What does science look like today? 
• Episode 3: Why does science look like this? 
• Episode 4: What is science? 
• Episode 5: How do we learn about science? 
 
